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13. (Concluded).

During the RFA shallow boring soil gas surveys were conducted for volatile organic compound (VOC)
contamination at the FTA. Deeper borings were conducted for monitor wells and geologic mapping. Sam-
pling and monitoring of groundwater, surface water, and soils was conducted.

Analyses of groundwater from the monitor wells and two supply wells inc'icate the AFTA is contributing
chemical contaminants to the upper aquifer, which is at a depth of approximately 30 feet below ground sur-
face. VOC’s were the only contaminants found in the groundwater that consistently exceeded established
maximum contaminant (MCL) levels. Cadmium, lead, and nicke! exceeded established MCL values in at
least one well in the three sample rounds. Surface water samples from the bermed pits and the separation
pond contained cadmium, lead, methylene chloride, and benzene that exceeded MCL guidelines. Chromium,
copper, lead, silver, and zinc in the surface water sampies exceeded fresh and/or marine water quality cri-
teria. Surface soil samples show guidelines were exceeded at one or more training areas. These guidelines
were exceeded by cadmium, lead, zinc, mercury, silver, DDT, PCB- 1248, and tetrachloroethane.

Report recommendations inciude:

a. Soil sampling to define the horizontal and vertical extent of soil contamination.

b. Monitor wells should be installed to define the horizontal and vertical extent of groundwater

contamination.

¢. Monitor wells should be instailed between the AFTA and municipal water wells to determine the

chemical characteristics of the groundwater.

d. Quarterly monitoring of water levels in the wells should be conducted to determine any seasonal

changes and groundwater gradients.

e. Monitor wells should be analyzed for compounds on the Target Compound List aad the Target

Analyte List,

f. Monitor wells should be analyzed for water quality parameters, oil and grease, and total recoverable

hydrocarbons.

Regulations, permissible contaminant levels, toxic and acute exposure limits, and other aspects cited in
this report represent those pending at the time of the study. Those same limits and levels may not be current
or accurate at the time of report publication.
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PREFACE

This study was pertormed during the period September 1989 to July 1991 by the U.S. Army
Engineer Waterways Experiment Station (WES) for the Environmental Management Division,
Directorate of Safety, Health, and Environment, Aberdeen Proving Ground (APG), Aberdeen,
Maryland. The work was performed under the authority provided by Project Order Number 08-88
(dated 22 September 1988) with Amendments 1 and 2 and MIPR’s 03-90 (dated 13 November 1989)
and 14-91 (dated 4 December 1990). The investigation reported herein was completed in 1990 and
this report, in draft form, was reviewed by the Aberdeen Proving Ground and the Environmental
Protection Agency, Region III. Subsequent and ongoing field investigations have, and will provide,
additional data about the Aberdeen Area (AA) Fire Training Area and will influence findings
presented in this report. Subsequent studies include an August 1991 groundwater sampling round and
current (1992) field investigations in the Fire Training Area and nearby western Aberdeen Area-APG
(AA-PG) boungary. Despite the subsequent studies, both the sponsor and WES agreed it was
desirable to publish this intrim report to preserve the technical data contained herein and funds were
provided by the sponsor for that purpose in the fall 1992.

The assessment was performed by Charlie B. Whitten, S. Paul Miller, and Nancy A.
Derryberry, Engineering Geology Branch (EGB), Earthquake Engineering and Geosciences Division
(EEGD), Geotechnical Laboratory (GL), WES. Paul M. Lucas, EGB, was the fiela geologist. A
data base for the analytical data was developed by Benita Allen, Rock Mechanics Branch, Soil and
Rock Mechanics Division, GL. Drilling crews were under the supervision of Mark A. Vispi, Chief,
In Situ Evaluation Branch, EEGD. Sampling was performed by Roy Wade and Buddy Ragsdale, EL,
WES. Analysis of the samples was performed by the U.S. Army Engineer Division, Southwest. The
report was written by Charlie B. Whitten, S. Paul Miller, and Nancy A. Derryberry, EGB, EEGD,
GL and Roy Wade, Environmental Engineering Division, EL. Direct supervision was provided by
Joe L. Gatz and Robert J. Larson, Chief and Acting Chief, respectively, EGB. The project was
conducted under the general supervision of Dr. A.G. Franklin, Chief, EEGD, and Dr. W.F.
Marcuson III, Chief, GL.

At the time of publication of this report, the Director of WES was Dr. Robert W. Whalin and
the Commander was COL Leonard G. Hassell, EN.




EXECUTIVE SUMMARY

Introduction

In 1986 the U.S. Environmental Protection Agency (EPA) issued a Hazardous Waste
Management Permit (MD3-21002 1355) to Aberdeen Proving Ground (APG). This permit required a
Resource Conservation and Recovery Act (RCRA) Facility Assessment (RFA) of sites in the
Aberdeen Area (AA) of APG. The RFA was completed and a draft report, which included the
Aberdeen Arca Fire Training Area (AFTA) (Derryberry, et al October_ 1990), was submitted tc EPA
by APG. The report recommended further investigation of the AFTA. This study was conducted as
a result of the RFA recommendation. The study included theee soil borings, the installation of twelve
groundwater monitor wells, three rounds of groundwater sampling and analyses of chemical and
groundwater flow data. The investigation reported herein was completed in 1990 and this report, in
draft form, was reviewed by the APG and the EPA, Region III. Subsequent and ongoing field
investigations have, and will provide, additional data about the AFTA and will influence conclusions
presented in this report. Subsequent studies include an August, 1991 groundwater sampling round
and current (1992) field investigations in the AFTA and nearby western AA-APG boundary. When
reports on these studies become available, they should be consulted in order to obtain the most

accurate understanding of the conditions existing at the AFTA.
Ar i

APG, located on the northeastern shore of Chesapeake Bay, is approximately 15 miles
northeast of Baltimore, Maryland. APG occupies 38,400 acres (approximately 60 sq miles') of
Harford County and is divided into the Edgewood Area (EA-APG) and Aberdeen Area (AA-APG).
The AFTA is near Phillips Army Airfield in the AA-APG.

Regional Setting and Geology

APG is in the Coastal Plain Physiographic Province. This province is generally characterized

by low lying, gently rolling terrain. Some areas surrounding Chesapeake Bay are nearly level while

1A table of factors for converting non-SI units of measurement to SI (metric) is presented on page 11.
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others have been dissected, making the local terrain rolling to moderately hilly.

APG is on the Chesapeake Bay in the northwestern part of Harford County. Due to the
proximity of two large bodies of water, the Chesapeake Bay and Atlantic Ocean, the climate tends to
be moderate as compared to inland areas. AA-APG is bounded by water on 3 sides, the Chesapeake
Bay to the east, Swan Creek to the northeast, and the Bush River to the west and south. The Bush
River enters the Chesapeake Bay at the southern tip of AA-APG. AA-APG is drained by eight rivers
and streams. Surface waters on AA-APG tend to be shallow and sluggish with tidal estuaries at the
mouths of the streams and rivers. Several of the streams on AA-APG are broad swampy areas rather
than narrow well defined channels.

Ccastal Plain sediments in Harford County consist of three major units, the Potomac Group,
the Talbot Formation and Recent (Holocene) sediments. The Lower Cretaceous sediments of the
Potomac Group, which is comprised of the Paiuxent, Arundel and Patapsco formations in Harford

County, unconformably overlie the Precambrian basement rock.

History of the AFTA

The AFTA was a housing area for troops during Worid War II. The buildings were removed
in the late 195Q0’s or early 1960’s. Partial building foundations are still in the area. Fire training
exercises started at this site in the early 1960’s with exercises 3 to 4 times a year. The number of
exercises increased to an average of once a week. Exercises consisted of filling training pits with
water and fuel, then igniting the pit for the trainees to extinguish. The training pits were made by
building a 25 to 30 foot diameter, circular soil berm 1 to 2 foot high, on the ground surface.  Fire

training exercises at the AFTA were stopped in March 1989,

Assessment

During the RFA, a soil gas survey by the Baltimore District Corps of Engineers was used to
help define the extent of volatile organic compound (VOC) contamination at the AFTA. Deep soil
borings and borings for monitor wells drilled by the WES in 1989 for this study were used to define
the site geology. Water level data from the groundwater monitor wells installed by WES in 1989
were used to define shallow aquifer gradients. Sampling and analysis of groundwater, surface water
and soils determined the groundwater and soil contaminants at the AFTA. Regulations, permissible

contaminant levels, toxic and acute exposure limits and other aspects citzd in this report represent

o~
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those pending at the time of the study. Those same limits and levels may not be current or accurate

at the time of report publication.

Findings

The water table aquifer at the AFTA is the Talbot Formation. Underlying the sands and
gravels of the Talbot Formation are the clays of the Arundel Formation. Groundwater flow in the
water table aquifer is to the south year round.

Analyses of groundwater from the eleven monitor wells and two supply wells (wells 1040 and
1041) indicate the AFTA is contributing chemical contaminants to the upper aquifer, which is at a
depth of approximately 30 feet below ground surface. VOCs were the only contaminants found in
the groundwater that consistently exceeded established maximum contaminant levels (MCLs). VOCs
exceeding an established MCL include tetrachloroethane, trichloroethane, 1,1-dichloroethene, and
1,1-dichloroethane. Cadmium, lead and nickel exceeded established MCL values in at least 1 well in
the 3 sample rounds. Cadmium was detected in only one sample from a monitor well up-gradient of
the AFTA. Lead was detected in 2 monitor wells, 1 time in each well, and twice in standby supply
well 1041, which is located cross-gradient from the AFTA. Nickel exceeded the MCL value | time
but was commonly found in most wells at the AFTA. Iron and manganese exceeded Secondafy MCL
values.

Surface water samples from the bermed pits and the separation pond contained cadmium,
lead, methylene chloride, and benzene that exceeded MCL guidelines. The surface water samples
also contained chromium, copper, lead, silver and zinc that exceeded the fresh and/or marine water
quality criteria.

Surface soil samples show the following parameters exceeded guidelines at one or more of the

training areas at the AFTA:

Cadmium Silver

Lead DDT

Zinc PCB-1248
Mercury Tetrachloroethane.

VOCs, pesticides, and fuels at levels below guidelines were detected.



Recommendations

Soil sampling to define the horizontal and vertical extent of soil contamination at the AFTA
should be conducted.

Install monitor wells to define the horizontal and vertical extent of the groundwater
contaminaticn from the AFTA.

Monitor wells should be installed between the AFTA and the Harford County production
wells along the western AA-APG boundary so chemical characteristics of the groundwater between
the AFTA and Harford County wells can be monitored.

Water levels in the monitor wells at the AFTA and any adjacent areas should be measured
quarterly to monitor seasonal changes in groundwater gradients.

The AFTA monitor wells, to include wells 1040 and 1041, and the monitor wells between the
Harford county production wells and the AFTA should be sampled and analyses conducted for:

- Target Compound List (TCL)

- Target Analyte List (TAL)

- general water quality parameters
- oil and grease

- total recoverable hydrocarbons

Three quarterly rounds of chemical data should be collected.
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Coaversion Factors, Non-SI to SI (Metric)

Units of Measurement

Non-SI units of measurements used in this report can be converted to SI (metric) units as follows:

Multiply by To Obtain
acres 4,046.873 square metres
feet 0.3048 metres
feet per miie 0.1893935 metres per kilometre
°Fahrenheit minus 32 0.5555556 °Celcius
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PART I: INTRODUCTION

Background

In 1986, the U.S Environmental Protection Agency (EPA) issued a Hazardous Waste
Management Permit (MD3 21002 1355) 10 Aberdeea Proving Ground (APG), Maryland. As required
by the permit, APG submitted a scope of work to EPA, Region IIf on October 6, 1987. This study is
follow on work to define hydrogeology and extent of contamination at the Aberdeen Fire Training
Area (AFTA), Aberdeen Area-Aberdeen Proving Ground (AA-APG), Maryland.

Scope

The objective of this study is to provide a framework for characterization of any contaminant

plume that may exist or other release at the AFTA.

Study Areg Location

The AFTA is located within the restricted area of AA-APG (Figure 1). The site, which
covers approximately 2 acres, is just north and across Bush River Road from Phillips Army Airfield
(Figure 2 and Appendix A). The AFTA is inside the fenced 44 acre site leased to the State of
Maryland for a fire training facility (Figure 3).

12
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PART II: HISTORY OF USE

The AFTA was a housing area for troops during World War II. The buildings were removed
in the late 1950°s or early 1960’s. Partial building foundations remain in the area.

Fire training exercises started at this site in the early 1960’s with exercises 3 to 4 times a
year. The number of exercises increased to an average of once a week. Exercises consisted of filling
the training pits with water and fuel, then igniting the pit for the trainees to extinguish. After an
exercise, any remaining fuel was allowed to burn off. Approximately 1500 gallons of fuel were
burned for one day of training (Derryberry, et al, 1990). On December 1, 1988, a Memorandum for
Record from the Environmental Management Division was sent to the Fire Chief stating that there
were to be no more releases to the environment due to fire training practices. As of March 1989,

training practices were stopped until further notice (Derryberry, et al, 1990).

Training areas (Figure 3 and Appendix B) within the AFTA include :

- Berm 1 which contains an old jet aircraft (F-89 Scorpion);

- Berm 2 which contains a broken flange set-up for simulating
fire on a loading dock;

- Berm 3 which contains an old military tank;

- Old Smoke House;

- Fire Extinguisher Area.

Fires of oil and old tires were used in the past to generate smoke for training in the Old
Smoke House. The Old Smoke House has not been used in the last 18 years since Chief Jones has
been with the Fire Department. Recently a trailer, set up with a special non-toxic smoke generator,
has been used for training purposes (Derryberry, et al, 1990).

North of the Old Smoke House, toward the back of the area, several old aircraft and parts of
aircraft have been abandoned. Historical aerial photographs show this area had been used as a
storage area for old aircraft since the 1940’s.

A 3000 gallon underground storage tank (UST) was located approximately 50 feet south of
the Old Smoke House. The UST was removed in 1990. Fuels reportedly stored in the UST included
diesel tuel, gasoline, kerosene, and jet engine fuels (JP4 and JP5). The fuels, which did ‘not meet

standards for use in vehicles due to moisturc content or other reasons, were placed in the UST for use

in fire training activities.

16




Forty-four acres surrounding the AFTA has been leased by the State of Maryland for a Fire
Training Center. A permitted fire training facility has been built. The AFTA is in the southwest

corner of the 44 acre site.
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PART III: REGIONAL SETTING AND GECLOGY
Region in

Maryland extends across five physiographic provinces, the Anpalachian Plateau, Valley and
Ridge, Blue Ridge, Piedmont Plateau, and Coastal Plain provinces (Figure 4). These provinces
parallel the Atlantic shore in belts of varying width from New England almost to the Gulf of Mexico
(Vokes, 1957).

APG is in the Coastal Plain Physiographic Province, which is generally characterized by a
low lying, gently rolling terrain (Figure 4). Some areas surrounding Chesapeake Bay are nearly level
while others have been dissected, making the local terrain rolling to moderately hilly (Dames and

Moore, 1972).
Regional lo

Coastal Plain sediments are marine and non-marine sediments that were deposited on the
eastern continuavion of the Piedmont Crystalline Complex. The transgressive and regressive seas and
local streams deposited layers of clay, silt, sand and gravel. These interbedded layers form a wedge
that begins at the Fall Line and thickens to the southeast (Figure 5). The Fall Line is the boundary
between the metamorphic rocks of the Piedmont Plateau and the sedimentary units of the Atlantic
Coastal Plain. The Fall Line lies tn the northwest of APG and roughly parailels U.S. Route 40.

The Coastal Plain sediments range in age from Cretaceous to Quaternary. Moving in a
southeastern direction, a gradual increase in thickness is accompanied by a decrease in dip for
successively younger formations. The dip of the formations ranges from an average of 100 feet per
mile (ft/mi) near the basement rock to an average of 10 ft/mi for the upper Tertiary formations.
Along with the increase in thickness and decrease in dip, the sediments generally become finer to the
east (Dames and Moore, 1972).

Variations, laterally and vertically, in lithology and texture are explained by transgressive and
regressive seas. Extremes in the fluctuation of sea level at the end of the Cretaceous and the
Paleocene along with widespread erosion explain the absence of formations in some areas (Dames and
Moore, 1972).

A generalized lithologic description of the Coastal Plain sediments in Harford County,
Maryland is shown in Table i (Bandoian, C.A. and Wardrop, R.T. , 1985). Coastal Plain sediments

18
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in Harford County are divided into three major units: (1) the Lawer Cretaceous Potomac group, (2)
the Quaternary Talbot Formation {Pleistocene), and (3) Holocene (Recent) sediments. The Lower
Cretaceous sediments of the Potomac Group unconformably overlie the Precambrian basement rock.
The Potomac Group is comprised of the Patuxent, Arundel, and Patapsco formations in Harford
County. "Detailed studies of these formations of the Potomac Group show that no consistent upper or
lower boundaries of these formations can be established™ (Owens, 1969).

Patuxent Formation

The Patuxert Formation is the basal unit of the Potomac Group that unconformably overlies
the Precambrian basement rock. This formation thickens from the outcrop at the Fall Line to over
2,300 feet beneath Ocean City (Hansen, }972_).

Sand, gravel, silt, and clay strata in the Patuxent Formatiun were produced by fluvial
sedimentation. “The formation consists of a complexly related series of channel and point bar sands
and gravels interstratified with tlood plain silts and clays” (Hansen, 1972). Little horizontal or
vertical continuity is exhibited by this unit due to the rapid ciranges in lithclogy. "The lithology of
the Patuxent Formation is white or light to orange-brown, moderately sorted, anguiar sands and
subrounded gravels. Gray to orange-brown siits and clays also occur and range from less than 25%
to greater than 75% of the total formation” (Hansen, 1972).

These stratum changes allow the Patuxent Formation to be considered a muiti-aquifer unit
with several water-bzaring sands. These water-bearing sands are of varying thicknesses and
permeabilities. Stratigraphic units range from irregularly bounded sheets to isolated sand bodies.
Arundel Formation

The Arundel Formation overiies the Patuxent Formation. The Arundel Formation is
predominantly clay, gray to red-brown in color. Locally small concretionary masses of iron stone are
present. The thickness of this tormation ranges from 25 feet near the Fall Line to 200 feet downdip
(Mildenberger, J. R. and Sgambar, J. P., 1985).

It appears that the Arindel Formations was deposited by a quiet, shallow, fresh-water
environment. The massive structure and the presence of iignitic clays "points to deposition in
shallow, probably discontinuzus backswamp basins maintained by ponded drainage and slow sediment
influx" (Glaser, 1969).

The Arundel Formation is not generally considered an aquifer. In the vicinity of Perryman, it
is considered to be a confining layer or aquiclude. This confining characteristic permits development

of artesian pressures in the underlying Patuxent Formation (Mildenburger and Sgambar, 1985).
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Patapsco Formation

Uncontormably overlying the Arundel Formation is the Patapsco Formation. The outcrop of
this tormation parallels the Fall Line in southeastern Baltimore and Harford Counties. The formation
thickens to the southeast; beneath Ocean City it is several thousands of feet thick (Hansen, 1972).

Like the Patuxent, the Patapsco is a multiaquiter unit. This tormation is the product of tluvial
(riverine) and paludal (swampy) deposition. Channel and point bar sands are relatively thick,
irregularly bounded sheets that prove to be good aquiters. Sands associated with the clay strata are
discontinuous, isofated sand bodies cnd are not good aquifers (Hansen, 1972; Mildenburger and
Sgambar, 1985).

“Lithologically the Patapsco Formation consists of interbedded variegated (gray, brown, red)
silt and cay, and argillaceous, subrounded, fing- to medium-grained quartzose sand with minor
amounts of gravel reported. Sand percentages range between 25% and 50%. In general, the
Patapsco.Formation is finer in texture then the Patuxent Formation” (Hansen, 1972).

Pleistocene and Recent Deposits

The Talbot Formation of the Pleistocene series and the alluvium, swamp and marsh deposits
of Holocene age outcrop on APG (McMastar, B. and et al, 1981). Owens (1969) noted that much
of the Talbot Formation in Harford County lies within Aberdeen Proving Grounds, and that much of
the area was not available tor study due to limited access and possible dangers associated with a
military reserve. Owens (1969) estimated the thickness of the Talbot Formation to be between 40 and
60 tt.

The Talhot Formation consists of two lithofacies in Harford County, a lower, thick bedded,
gravelly sand facies and an upper, massive, very clayey silt or silty clay facies (Owens, 1969). The
gravelly sand facies is overlain by the silty clay facies irrespective of altitude nearly everywhere in
the area.

The depositional environment of the Talbot was at one time considered to be marine,
However, the depositional enviconment of the lower gravelly sand facies was reported by Owens
{1969) to be tluvial. Owens (1969) noted the gravels were restricted to distinct channels and the
extensive trough cross-stratification in both sandy and gravelly beds are typical of channel fill (point-
bar) deposits.

Owens (1969) noted two possibilities for the depositional environment of the silty clay facies.
The first was overbank deposits. He noted 4 similarity between the distribution of this silty-clay
facies in Hurtord County and the distribution of tine-grained lithofacies in the Brandywine area that

had been described as overbank deposits. This description suggested a degrading stream as a mode
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of deposition because of the preservation of the lithofacies at progressively lower elevations (Owens,
1969).

Owens (1969), also, noted as a second possibility the silty-clay facies might possibly be
estuarine or marine, as are the deposits described by others at Sparrow Point east of Baltimore.
Owens discounted this correlation due to thickness and the depth at which the Sparrow Point clay-silt
was found.

Alluvial, swamp, and marsh deposits occur in the reaches of tie rivers in the region that have
become inundated as a result of a rise in sea level (Dames & Moore, 1972). Composition of the
alluvial deposits ranges from clay to gravel, while the swamp and marsh deposits consist of silts,
clays, and organic matter (Dames & Moore, 1972). Thus, surficial sediments are heterogeneous and

vary considerably horizontally. Typically, gravels are at the base and the silts and clays dominate the

upper portions.




PART IV: SITE SETTING AND GEOLOGY

APG is located in Harford County on the northwestern shore of the Chesapeake Bay. Due to
the proximity of the Chesapeake Bay and the Atlantic Ocean, the climate tends to be moderate as
compared to the inland areas (McMaster, et al., 1981). Average temperature is 54.5 °F with an
average relative humidity of 73.8%. Precipitation averaged 45.01 inches per year from 1969 through
1990 (Figure 6). The maximum rainfall usually occurs in the summer and the minimum during the
winter. Figure 7 shows the average monthly rainfall from January 1969 through December 1990.
Precipitation as snowfall averages 12.0 inches (Sisson, 1985). Prevailing winds average 6.8 knots
(Sisson, 1985) in a N to NW direction in the winter months and a S to SW direction in the summer
months (McMaster, et al., 1981).

APG is bounded on the east, south and west by the Chesapeake Bay and estuaries of Swan
Creek and Zush River (Figure 2). Swan Creek enters the Chesapeake Bay at the northeast ed 3e of
APG forming approximately 2 miles of the nortneastern border of AA-APG. The Bush River enters
the Chesapeake Bay at the southern most tip of AA-APG and forms the western border of AA-APG.
The Chesapeake Bay forms the eastern and southern border of AA-APG.

ATG is drained by eight rivers and streams (Figure 2). Surface waters on APG tend to be
shallow and sluggish with tidal estuaries at the mouths of the streams and rivers. This is attributed to
the low elevations of the area and the fact that it is bordered by the Chesapeake Bay (McMaster, et
al., 1981). The highly developed northeasterr: portion of APG is drained by Swan Creek, Dipple
Creek, Woodrest Creek and the upper branches of Romney Creek. The southwestern portion of
APG, which is primarily undeveloped ranges and test areas, is drained by Mosquito Creek, Delph
Creek, the lower half of Romney Creek, and the lower portion of Bush River. Spesutie Island, which

is mostly unimproved ranges and test areas, is drained by Back Creek (McMaster, et al., 1981).

Site Geology

Stratigraphy on AA-APG
The Geologic Map of Harford County (Southwick and Owens, 1968) shows the Fall Line
located approximately 1 to 1.5 miles northwest of the northwest boundary of APG. Borings that

extend to bedrock in the northern portion of APG (Figure 8) show the Precambrian bedrock dips to
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Figure 7.

Average monthly precipitation from 1969 through 1990.
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Table 2

Depth edrock in northern ion of AA-AP

(see Figure 8 for location of Borg/Well)

TOP OF SOIL

BORE/WELL No. BEDROCK THICKNESS, FT
*ELEVATION, FT
TH7-70 68 130
Site 6 -113 183
HCP-9 -125 165
TH2-68 -138 185
TWS-70 -168 210
Test Weil 20 -180 250
TW2-76 -280 335
TH6-76 -240 280
Bore 107 -326 360
Bore 110 -326 395
HA-DF40 -445 481
* Elevation relative to mean sca level.
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the southeast at approximately 100 feet per mile (Table 2). The thickness of the soils overlying the
bedrock increases as the bedrock dips to the southeast. The soil thickness increases from 183 ft at
Site 6 to 481 ft at Well HA-DF40, which are approximately 1.5 and 3.8 miles, respectively, from the
Fall Line. The soils directly overlying the bedrock are wea:k- :d bedrock or saprolite. The saprolite
varies from a white to green micaceous clay to a silty fine sand. The thickness of the saprolite
ranged from about 13 ft at Site 1 to 95 ft at Bore 107.

The city of Aberdeen installed 6 test wells (Sites 1 thru 6) on APG in 1975-75 (Figure 8).
The 6 test wells were located approximately 1.3 to 1.7 miles northeast of the FTA. All 6 test wells
were drilled to bedrock or the overlying saprolite. The lithologies, as described on the bore logs, are
shown in Table 3. The "yellow clay" ranges from !0 to 14 ft thick while the "sand, gravel and clay”
range from 52 to 68.5 ft thick. The bottom 13 to 35 tt of the borings are described as green and
white clays with rock at the base. The green and white clays are saprolite. There are 85 to 119 ft of
mixed clays between the "sand, gravel and clay” and “green-white clays”.

Groundwater monitor welis AA-1 thru AA-35 (see Figure 8) were installed in the northern
corner of APG by the Corps of Engineers, Baltimore District, in June and July of 1984, Well AA-1
is on the western edge of Phillips Army Airfield Landfill, approximately 2700 west of the AFTA.
Wells AA-2 thru AA-S are from approximately 1 to 1.8 miles north to northeast of the AFTA. The
borings for wells AA-1 thru AA-S are from 99.3 to 100 ft deep. The lithologies of all 5 of the AA
borings are similar. The upper 2 to 8.5 ft are silt with clay and fine sands, -the next 37.5 to 67.5 ft
are gravelly, silty sands (Table 4). All 5 AA borings were terminated in clay. The borings were
drilled from 28 to 56 ft into the clay which varies from a gray silty clay to a clayey silt with
scattered lenses of silty-clayey fine sands. The gravelly, silty sands are generally brown, silty,
medium to coarse, gravelly sands. The bore logs for wells AA-1 thru -5 show a distinct color change
from brown to gray near the contact between the gravelly, silty sands and the clay.

Supply wells 1040 and 1041, located approximately 1000 ft southeast of the AFTA, were
installed in 1942. The bore logs for these 2 wells show the upper 8 to 10 feet were clay to sandy-
clay, the next 67 to 71 ft are gravelly, siity sands, and a clay was encountered at 79 ft (elevation -
23.7 ft) at well 1040 and 77 ft (elevation -18.4 ft) at well 1041 . The boring at well 1040 extended 4
ft into the clay while the boring at well 1041 extended 44 ft into the clay.

Test Well 20 was drilled in the vicinity of the AFTA in 1942. The boring was drilled to the
top of rock at 250 ft. The upper 5 ft was sand and clay. Gravelly, silty sands with lenses of clay
and silt extended from 5 to 73.5 ft. The bore log shows hard red clay from 73.5 to the top of rock at

approximately 250 ft.
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D nd elevation* of

2 lithof;

i

Table 4
f Tal

formation

A-AP

Fi

r

SILT (with clay and fine sand)

GRAVELLY, SILTY SANDS

BORE/ (some with interbedded clays)
WELL # Depth Elevation Thickness | Depth Elevation Thickness
Site 0t 12.0 { 70 to 58 12 12.0 to 66.0 58.0t0 4.0 54
Site 2 Cto10.0 { 70 to 60 10 10.0 to 78.5 60.0 to -8.5 68.5
Site 3 Oto 140 { 70 to 56 14 14.0 to 72.0 56.0 to -2.0 58
Site 4 0to11.0 { 70 to 59 11 11.0 to 63.0 5¢.0t0 7.0 52
Site 5 0to12.0 { 70 o 57 13 13.0 to 75.0 57.0t -5.0 62
Site 6 0to10.0 { 70 to 60 10 10.0 t0 71.0 60.0 to -1.0 61
AA-1 0to4.5 60.8 to 56.3 4.5 4.5t0 72.0 56.3to -11.2 67.5
AA-2 0t 2.0 55.4t0 53.4 2 2.0to 51.5 53.4103.9 49.5
AA-3 0t0 7.0 73.8 to 66.8 7.0 to 62.0 66.8t011.8 55
AA4 0t 7.0 50.8 to 43.8 7 7.0 to 44.5 43.8t06.3 37.5
AA-S 0to 8.5 70.3t0 61.8 8.5 8.5to0 52.5 61.8 to 17.8 44
Well 1040 0to 8.0 55.31047.3 8 8.0t0 79.0 47.3 to -23.7 71
Well 1041 0t 10.0 { 58.6t0 48.6 10 10.0 to 77.0 48.6 to -18.4 67
Test Well 20 | 0t0 5.0 70.1 to 65.1 5 5.0t0 73.5 65.11t0-3.4 68.5
MLF-B-1 0to 10.5 | 34.51024.0 10.5 10.5 to 38.0 24.0to0 -3.5 27.5
MLF-B-2 0to 8.0 34.6 to 26.6 -8 8.0 to 44.0 26.6 to -9.4 36
MLF-B-3 0t 8.1 30.8 t0 22.7 8.1 8.11025.0 22.7105.8 16.9
MLF-B4 Oto11.5 {29.71t0 18.2 11.5 11.5 0 42.0 18.2t0 -12.3 30.5
FTA-BI 0t 7.5 59.0 to S1.5 1.5 7.5t 75.0 51.5 t0 -16.0 67.5
FTA-B2 Oto11.0 { 55.5t044.5 11 11.0 t0 69.C 44.5to -13.5 58
FTA-B3 010 8.0 57.1 to 49.1 8 8.0t0 71.0 49.1to -13.9 63
Note -~ Data for Sites 1 thru 6, Wells 1040 and 1041, and Test Well 20 are from well dnllers logs.

--- Data for AA, MLF, and FTA bores are from detailed soil boring logs.

- Surface elevation for Sites 1 thru 6 were estimated from USGS topography maps.

--- Depth, Elevation and Thickness are in feet. Depth are from ground surface.

* Elevations are relative 10 mean sea level.
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The Michaelsville Landfill (MLF) is located approximately 1.5 miles east-southeast of the
AFTA. Four deep soil borings, MLF-B-1 thru 4, were drilled to define the lithology at the MLF.
Boring MLF-B-3 was drilled through a stiff waxy clay from a depth of 130 ft (elevation -99.2 ft) to
190.4 ft (elevation -159.6 ft). Silty, gravelly sands were encountered from 190.4 ft to the bottom of
the hole at 194.5 ft (elevation -163.7 ft). The other 3 soil borings were dritled up to 30 ft into the
stiff waxy clay. The 4 borings have similar lithologies above the stiff clay. Listed below are the 5
general lithologies from the ground surface to the top of the waxy clay:

1 -- 8to 1l ft of clayey silt;

2 - 16 to 36 ft of siity, gravelly sands with scattered lenses of clays and silts;
3 -- 5610 69 f1 of interbedded clays, siits and fine sands;

4 -- 151025 ft of sand and gravel;

5 - 6to 14 ft of laminated clays, silts and fine sands.

The clayey silt and silty, graveil* sands (1 and 2, respectively) comprise the two lithofacies of the
Pleistocene Talbot Formauou, as described by Owens (1969). The interbedded clays, silts, fine sands
and gravelly sands (3, 4 and 5) comprise the Cretaceous Patapsco Formation. The borings, except
MLF-B-3, were terminated in the stiff clays of the Cretaceous Arundel Formation.

Phillips Army Airfield Landfill (PLF) is located approximately C.7 mile east of the AFTA.
The borings at the PLF are from 30 to 60 ft deep, except for boring AA-1, which is 100 ft deep.
The soils in the area of the PLF vary from gravelly, silty sands in the upper 72 ft of boring AA-1 to
silt and clay in the upper 47 ft of boring PW-21, which is approximately 2500 ft east of boring AA-1.
The thickness of the silt and clay lenses in the upper 30 to 60 ft of soil in the area of the PLF is
highly variable.

A _Surf;

The area surrounding the training pits is relatively flat and covered with grass. Toward the
back of the site the vegetation changes to thick brush and small trees. Surface drainage is
predominantly northwest toward a tributary of Romney Creek. Some drainage from the western
portion of the site drains to a low marshy area to the west of the site that also feeds into Romney
Creek. According to the Federal Emergency Management Agency (FEMA) flood insurance maps,
this area lies in Zone C, which is an area of minimal flooding (FEMA, 1983).

Soils in this area were classified by the Soil Conservaticn Service (SCS) in the Sassafrass
Series. This series "consists of deep, well-drained, gently sloping to steep soils dominantly on
undulating uplands, and on some short steeper slopes of the Coastal Plain. These soils formed in old
marine deposits of sandy sediment containing moderate amounts of silt and clay” (SCS, 1975) and are

the most permeable of the 3 surficial soils found in the area (McMaster, et al., 1981).
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ratigraph AFTA

Three exploratory borings and 12 monitoring wells were driiled as part of the Fire Training Area
Hydrogeologic Assessment. A site map showing boring and well locations is presented in Figure 9.
A summary of boring and monitor well data are presented in Table 5 and Appendices C, D, E and F.
The 3 soil borings, FTA-B1, -B2 and -B3, were drilled to depths of 81.0 ft (elevation -22.1 ft), 122.5
ft (elevation -68.0 ft) and 91.0 ft (elevation -33.9 ft), respectively, and were terminated in a stiff clay.
All 3 soil borings can be broken into 3 general zones : an upper silt zone, an intermediate gravelly,
silty sand zone and a lower clay zone. The top 7.5 to 11 ft of the 3 borings are a sandy, clayey silt
with traces of gravel. The gravelly, silty sands that overlie the lower clay zone are 58 to 67.5 ft
thick. None of the 3 borings extend~d through the stiff clay. The gravelly, silty sands are primarily
interbedded lenses of fine to coarse, silty sands with scattered traces of gravel, and silt and clay
lenses. The sand, silt and clay lenses are too irregular for confident correlation between borings.

The stiff clay was first encountered at a depth of 75 ft (elevation -16 ft, msl) in boring
FTA-BI, 69 ft (elevation -13.5 ft, msl) in boring FTA-B2 and 71 ft (elevation -13.9 ft, ms!) in boring
FTA-B3. Boring FTA-B2 was drilled 53.5 ft (69 to 122.5 ft) into the clay. The 53.5 ft section of
clay in boring FTA-B3 is generally a gray to brown, stiff, plastic, micaceous clay with some
scattered thin silty, sandy lenses or stringers. A brittle black clay was noted from 85 to 87 ft
(elevation -29.5 to -31.46 ft). Boring FTA-B1 was drilled 6 ft (75 to §1 ft) into a reddish-brown to
mottled yellow, stiff, silty clay. Boring FTA-B3 was drilled 20 ft (71 to 91 ft) into a gray mottled
with red, stiff, silty clay with lignitized wood chips at 81 ft (elevation -29.3 ft).

The borings for the 12 groundwater monitor wells (FTA-M1 thru FTA-M12) raaged from
25.5t0 37.5 ft deep (see Table 5). The 12 monitor wells were screened approximately 20 to 25 ft
into the gravelly, silty sands. The silt ranged from 7 to 11 ft thick and was described as a brown
clayey silt. The gravelly, silty sands were generally fine to coarse silty sands with scattered gravel
and thin silt and clay lenses. The sands ranged from poorly sorted fine to coarse sands with traces of
gravel to well sorted fine to medium grained rounded sands. Organic laminae were present in several
of the sand lenses. Lenses of clayey silt ranging from less than an inch up to a few feet thick are
scattered throughout the gravelly, silty sands. The thickest silt lense, noted in the gravelly, silty
sands, is from a depth of 20 to 25 feet in well FTA-M10. Cross-sections A-A’ thru E-E’ (Figures 10
thru 15) depict the stratigraphy at the AFTA.

The gravelly, silty sands and the silt unit capping it represent the two lithofacies of the
Pleistocene Talbot Formation described by Owens (1969). Both units were present in all 3 soil
borings (FTA-B1 thru -B3) and borings for the 12 groundwater monitor wells. The thickness of the
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Figure 9. AFTA site map showing the location of soil borings and monitor wells.
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Talbot ranged from 69 ft at FTA-B2 to 75 ft at FTA-B1. Table 4 shows the thickness of the Talbot
rahged from 25 to 79 ft in areas surrounding the AFTA. The thickness of the Talbot decreases away
from the Fall Line. The thickness of the Talbot decreases from around 60 to 70 ft in the northern
area of APG te approximately 30 ft thick at the MLF, well HA-DF40 and bore 107.

Underlying the gravelly, silty sands of the Talbot Formation are the stiff Cretaceous clays.
Soil borings FTA-B1 thru -B3 extended from 6 to 53.5 ft into the clay. None of the soil borings at
the AFTA extended through the clay. The elevation of the Talbot-Cretaceous contact ranged from -
13.5 ft at FTA-B2 to -16.0 ft at FTA-B1. The Arundel clay is at elevation -99.2 to -190.4 ft at
boring MLF-B-3, which is approximately 1.5 miles southeast of the AFTA. As the bedrock dips to
the southeast at approximately 100 feet per mile the dip of the successively younger formations
decreases. The Pleistocene Talbot Formation overlies the Cretaceous Arundel Formation at the
AFTA.

Drilling and Well Installation Procedures

Drilling

A Failing 1506' Holemaster operated by a two-man drill crew was used in drilling, sampling
and well installation. A geologist logged the borings and directed the installation of the monitor
wells. Each drill site was monitored with a magnetometer and cleared of surface vegetation before
drilling equipment was moved on location. The drill crew and geologist were dressed in Level “D”
protection.

Prior to, during and after drilling operations, the location. boring annulus, samples and
drilling fluid were monitored primarily with an Organic Vapor Analyzer (OVA) and an explosimeter.
A methanometer and an HNU meter were used to monitor for methane and volatile organic
compounds (VOCs).

Bentonite mud was used while drilling the soii and well borings. All soil borings were
plugged with cement grout, from total depth to the surface. Only potable water was used during
drilling and well installation.

Prior to moving equipment to a drill site, the equipment was washed with a detergent and
thoroughly rinsed. The equipment (rig, drill pipe, casing, drill bits, sampling equipment, etc) was
then steam cleaned.

Well Installation
Twelve monitor wells were installed at the AFTA site according to EPA’s RCRA Ground-

Water Monitoring Technical Enforcement Guidance Document (TEGD) (Environmental Protection
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Agency, 1986).

The 12 monitor wells are 4-in schedule 40 PVC pipe with 0.010-in slotted 10 ft PVC
screens, The bottom of the well screens have a PVC base plate that extends 0.5 ft below the screen.
A quartz filter sand of 2040 sieve size was tremmied from the bottom of the boring to approximately
S ft above the top of the PVC screens. A 3-5 ft bentonite seal was placed above the filter sand. The
well was grouted to within 3 ft of the ground surface using a Type V cement and 3% bentonite
mixture. The grout was pumped in from the bottom (top of the bentonite seal) through a 1.5-in
tremmie pipe. A bentonite plug was placed in the top 3 ft of the boring. The top of each well has a
PVC vented cap. The riser pipes are protected at the surface by 6-in square steel protective casing
with locked caps. These protective casings extend 3 ft below ground surface which is the approximate
maximum depth of frost penetration in this area. At ground surface, an apron of bentonite covered
with gravel with a radius of 3 ft surrounds each well. A well construction diagram for each well is in
Appendix E.

Wells were developed following the U.S Army Toxic and Hazardous Materials Agency
(USATHAMA) requirement of removal of at least 5 volumes of the standing water in the well plus

the annulus. Methods of development included pumping and surging the wells.




PART V: HYDROGEOLOGY

Agquifer re and Pr i
Aquifer Structure
Soil borings FTA-BI, -B2 and -B3 were drilled to depths of 81.0 ft, 122.5 ft and 91.0 ft,
respectively. All three borings were terminated in a stiff clay (Arundel Formation). The clay was
encountered at depths of 75 ft, 69 ft and 71 ft (elevations -16.0 ft, -13.5 ft and -13.9 ft, respectively)
in borings FTA-BI1, -B2 and -B3, respectively. The sediments above the stiff clay consisted of 58 to

67.5 ft of gravelly, silty sands overlain by 7.5 to 11 ft of silty clay. 'The gravelly, silty sands are
primarily interbedded lenses of fine to coarse, silty sands with scattered traces of gravel, and
discontinuous silt and clay lenses. The lenses within the gravelly, silty sands are too irregular to
correlate with any confidence between borings. The silty clay and gravelly, silty sands comprise the
2 lithofacies of the Pleistocene Talbot Formation.

The water table aquifer at the AFTA is comprised of the lower 40 to 45 it of the gravelly,
silty sands of the Talbot formation. The water table is generally 25 to 30 ft below ground surface at
elevation 31 to 32 ft, msl (Appendix G). Wells FTA-MI thru -M12 are generally screened from
elevation 27 to 37 ft, msl

Borings and well logs (see Table 4) in the vicinity of the AFTA show the silty ciay and
gravelly, silty sands lithofacies of the Talbot Formation are generally consistent over the areas to the
north, northeast and southeast of the AFTA. The thickness of the silty clay facies are generally from
7 to 11 ft while the thickness of the gravelly, silty sand tacies thins to the southeast, away from the
Fall Line. The thickness of the gravelly, silty sand facies decreases from approximately 60 to 70 ft in
the northern area of AA-APG to approximately 30 to 50 ft at Michaelsville Landfill, The upper 30 to
60 ft of soil in the area of the PLF, which is approximately 0.7 miles east of the AFTA, varies from
gravelly, silty sands to thick lenses of silt and clay. The upper 47.6 ft of soil at boring PW-21 (see
Figure 8) was silts and clays while boring PW-17, located approximately 800 ft to the west had clay
from 0 to 12 ft, sands and gravel from 12 to 17 ft, clay from 17 to 26 ft, and sand from 26 to 40 ft.

The AFTA, AA and City of Aberdeen Test Well boring logs show a clay underlying the
gravelly, silty sands in the area of AA-APG north of the AFTA. Water well drillers logs for Test
Well 20 and the City of Aberdeen Test Wells (1 thru 6) show clay from the base of the gravelly, silty
sands (Talbot Formation) to the top of bedrock.

A quifer P .
No aquifer tests have been conducted on the monitor wells at the AFTA. A pump test was

conducted (Baltimore District, 1983) at supply well 1040 to determine the quantity and quality of
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water available at wells 1040 and 1041 (Figure 8). Well 1040 was pumped at 300 gpm for 24 hours.
The transmissivity for wells 1540 and 1041 were calculated to be 95,422 and 95,500 gpd/ft,
respectively. Since the saturated thickness of the aquifer was 55.85 ft, the hydraulic conductivity was
1709 gpd/ft?, or 8.1 x 107 cm/sec.

Aquifer (slug) tests have been conducted at the PLF (U.S. Army Corps of Engineers, 1980)
and MLF (Miller, et al, 1990) on monitor wells screened in the gravelly, silty sands of the Talbot
formation. Table 6 lists the results of the aquifer tests. The hydraulic conductivity values ranged
from 0.62 x 10* to 70.41 x 10 cm/sec in the wells screened at the water table and from 1.09 x
10* to 115.19 x 10™ cm/sec in the wells screened at the bottom of the aquifer. The average
hydraulic conductivity was 1.6 x 107 cm/sec for the water table wells and 3.2 x 10”° cm/sec for the
deeper wells.

Hydraulic conductivity measurements were performed in the laboratory on three undisturbed
samples of Arundel clay from the MLF (Miller, et al, 1990). The hydraulic conductivity values
ranged from 5.06 x 10¥to 1.60 x 10 cm/sec and had an average value of 5 x 107 ¢m/sec.

roundwater Flow
real Groundw

The shallow or water table aquifer on AA-APG is in the Talbot Formation. The ground-
water flow patterns in the shallow aquifer are dependent on the location on AA-APG. The ground-
water flow patterns are aftected by factors such as the distance from natural discharge points, the
location and size of recharge zones, lithology, seasonal fluctuations in precipitation, and discharge by
production wells.

The groundwater flow direction along the northwest boundary of AA-APG in the area of Sod
Run Creek is 1o the southwest where the shallow aquifer discharges into the Bush River (Figures 16
and 17). Figures 16 and 17 show the seasonal dron in groundwater levels from the summer months
when precipitation is normally the highest to the winter months when precipitation is normally the
lowest. The water level contours cn Figure 17 also show the effects of production wells on ground-

water flow.
Ground monitor wells AA-1 thru -5 are located north of the AFTA (Figure 8). Monthly

and/or quarterly water level data from the AA wells show the fluctuations that occurred in the water
table from Ceptember 1986 thru March 1990 (Figure 18 and Appendix H). The monthly water level
data from February 1987 thru September 1988 shows the seasonal fluctuations in the water table with




Table 6

Results of aquifer in the Talbot formation
K,
SITE WELL cm/sec X AQUIFER MATERIAL
No. 10*
PLF | PW-14 T 4.1 silty sand & silty clay
PW-14 T 5.4 silty sand & silty clay
PW-15 T 1.2 sand & gravel
PW-16 T 19 .0 sand & gravel
MLF | WES-M-1 T 2.0 silty sand
WES-M-5 T 0.62 sand
WES-M9 T 11.49 sand
WES-M-14 T 70.41 sand & gravel
WES-M-18 T 9.81 sand & gravei
WES-M-21 T 5.56 sand
WES-M-22 T 46.93 sand
WES-M-24 T 15.41 sand
WES-M-3 B 1.09 sand/interbedded clay, silt & sand
WES-M6 B 3.19 sand
WES-M-11 B 36.56 sand & gravel/interbedded clay, silt & sand
WES-M-15 B 1.33 sand
WES-M-19 B 115.19 sand & gravel
WES-M-23 B 114.73 sand & gravel
WES-M-25 B 1.81 sand/interbedded clay, silt & sand

PLF - Phillips Army Airfield Landfill
MLF -- Michaelsville Landfill
T -- well screened at top of aquifer

B — well screened at base of gravelly, silty sands
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Figure 16. Water level contour map (July 1984) of the shallow aquifer along the northwest
boundary of AA-APG (Bandoian and Wardrop, 1985).
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e higher wated levels corresponding o the summer months when precipitation was highest and the
lower water levels o the winter months when precipitation was the lowest. The groundwater flow
Jirecton s not etfected by the seasonal tluctuations i the water level. Figure 19 shows water table
comtour Maps for & sets of water tevel dutd. Figure 18 was used to select 6 sets of that would

represent the seasonal Nactuations i the water table. The 6 xets of data are :

I September 1930 - the imtial set of water level data

2 November 1987 - water levels declining; near seasonal low

3 May 1933 - water levels rising; well AA-4 at highest level while
other 4 AA wells sull rising

3 August 1958 - water level declining in wells AA-4 and AA-2, and
rising in wells AA-1, AA-3 and AA-S

5 July 1939 - highest water levels recorded for wells AA-1 thru
AA AA-S still rising

6. Muarch 1990 - final set of water level data.

The groundwater tlow direction is consisiently to the east, even during seasonal fluctuations in water
levels.

All'S of the AA wells reflect the seasonal variations in precipitation, however there is a
significant difference in the wnount of change that occurs in each well. Figure 18 shows the
maximum change in water level occurs at well AA-4 and the minimum change occurs at well AA-S.
The lozation and natare of the natural recharge and discharge areas are a primary cause of the
variabiity in water levels changes. The water levels in the AA wells may wells may also be affected
by the City of Aberdeen (CAP) production wells (Figure 8). Figure 20 shows the average daily
pumpage tor the CAP wells. The CAP wells average daily pumpage from January 1986 thru
December 1990 was 119 million gallons per day (mgd). The average daily pumpage increased from
1.06 myd in 1988 to 1.26 ragd in 1989 and 1.29 mgd in 1990. The average daily pumpage is
normally higher in the summer months and lower in the winter months,  All of the CAP wells pump
from the Talbot formaton CAP wells 1, 2 and 3 have not been used since the inid-1980's. There
are no noticeable effects of the CAP wells on the water table contour maps (Figure 19).  The May
and August 1988 water table contour maps correspond to average daily pump rates of less than | mgd
while the September 1986 and July 1989 maps correspond to average daily pumpage rates of
approximately 135 mgd

Water level datu from the AFTA, PLF and the AA wells show the groundwater flow
directions 1n the ared to the north of the AFTA vary from tie south to the east. Figure 21 shows

water level contour maps for January and March 1990, The groundwater flow direction changes
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Figure 19. Water level contour maps using data from wells AA-1 thru AA-S. Contours are in
feet. See Figure 8 for well locations.

52




%
i
‘
L
'
f
;
-
L7

o
Py i

e

e

£
R SR
T e

BRI
Vot S

- W
PEw) AN 1D 39R0AY

....1986....----1987----.,..19668....----1988---....1990....

DATE

@
]
2
]
)
by
°
b
S
£L
<
Yo
=]
>
=
Q
)
5
by
&
o
)
]
[ =9
E
3
(=9
Kol
‘3
-
W
)
)
™
]
>
<
o
™~
w
&
i




- 165600 - 19609 -6530

,,i...: \\—/ab/ j
[ \/3A/

. L
. , \{TA oo
' Mo < e et
\ 34 ald *
\ - M- -
L
[ LF
. | Pele JANUARY 1950Q
acae 1 1 L2 ] 1 1 ! L om0
- 16608 - 18608 - 60
- 15508 - 19620 ~ G609
T T T T T 1 T T T T
[~ X --- ity oF AscRERN hronsaileonbuvnit il SR
*  --- MONITOR LELL Ry

b
13 l.al/l
(*

d 8 &
\! \
% %
|
]

—d

- 16500 - aGae - 569

Figure 21. Water level contour maps (January and March 1990) of the northern area of AA-APG.




from due south at the AFTA to easterly at the PLF and areas to the north of the PLF.

Harford County has 8 groundwater preduction wells (HCP) to the west of the AFTA (see
Figure 8). Wells HCP-5, -6, -8 and -9 are located along the west boundary of AA-APG, just inside
the boundary fence, while wells HCP-1, -2, -3 and -4 are located a few thousand feet west of wells
HCP-5 and -6 in Perryman, Maryland. Wells HCP-8 and -9 are approximately 4200 ft and 5200 ft
respectively, west of the AFTA. Wells HCP-5 and -6 are approximately 8000 ft west-southwest of
the AFTA. Wells HCP-5, -6 and -9 are partially screened in the Talbot formation. Well HCP-8 is
screened in the deeper Cretaceous sands. There are no production rates for each well. Each well
runs from 16 to 20 hours a day. Figure 22 shows the average daily pumpage for the HCP wells.
The average daily pumpage has increased from 2.6 mgd in 1988 to 3.3 mgd in 1989 to 3.5 mgd in
1990.
AFTA

Seven rounds of water level data were collected at the AFTA from December 1989 thru
October 1990. Figure 23 shows the changes in the water table at wells FTA-M1 thru -M12, except
for well FTA-M3 which is dry. The changes in water levels correspond to the fluctuations in
seasonal precipitation. The water level rises in the summer months when precipitation is the highest
and declines in the winter months when precipitation is the lowest. The water levels at all the AFTA
wells have the same general response to an increase or decrease in precipitation. The only noticeable
difference in water level responses in the AFTA wells was at wells FTA-M2, -M11 and -M12 in
February 1990. The water level in wells FTA-M2, -M11 and -M12 increased 0.26 ft, 0.14 ft and
0.10 ft, respectively, from January 1990 to February 1990 while decreasing in all the other AFTA
wells. Wells FTA-M12, -M2 and -M11 are located approximately 850 ft, 1150 ft and 1200 ft,
respectively, southeast of a small drainage that flows into Romnaey Creek. The increases in the water
levels at wells FTA-M12, -M2 and -M11 in February 1990 resulted from groundwater recharge from
the small drainage. Precipitation had increased from an unusual low of 0.59 inches in December
1989 to a higher than average 4.84 inches in January 1990. The groundwater recharge was not as
noticeable in the other AFTA wells which are further from the small drainage.

The groundwater tlow direction is to the south, as shown in Figure 21. Figures 24 thru 30
are water table contour maps for the 7 rounds of water level data collected from December 1989 thru

October 1990. The groundwater flow direction to the south and hydraulic gradient of 0.002 remained

constant during the seasonal fluctuations in water levels.
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Figure 24.

58




X14,000

)

S N
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PART VI. SAMPLING AND ANALYSIS
This part describes procedures used in cleaning sample containers, purging wells, sampling
wells, coliecting surface water samples, collecting soil samples, cieaning equipment, maintaining
chain-of-custody, and preserving sampies. This part also discusses the analytical techriques used for

chemical analysis of the samples.

Groundwater Sanipling

A bound loghook was used to keep a record on individual wells. The items listed below were

recorded in the logheok.

3. The site location.

b. The name of iadividuals involved in sampling.

s. The well identification number.

d. The well depth

¢. The water le el

f. Amount of water purged in gallons,

2 Note if the well went dry or recharged slowly.

h. Note if the well was unlocked or had no well cap.

I Conductivity, pH. and temperature readings betore purging and/or after sampling,
if appropriate.

i HNU readings of well headspace.

k. Any unusual odor and/or color of samples.

. Suriace water and soil sample locations (a sketch was preferred).

The purging equipment used to remove three well volumes before the water sample was taken

included:
2. 3.57 OD submersible pump.
b, 10-ft sections of pyve discharge pipe.
§. Gas powered generator,
d. 3.5 OD pve hailer,
g. 1747 nyvion rope.

A teflon barier was used to collect samples from each well. Tetlon is the material of choice
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for use in sampling inorganic or organic contaminants of interest. This material is least likely to
introduce significant sampling bias. Teflon is the easiest material to clean in order to prevent
cross-contamination. The following sampling equipment was used :

3. 1.5" OD teflon bailer.
b. Spool of teflon cable.
¢. Sample containers.

All samples were placed in appropriate containers that had been cleaned according to the
protocols described in the paragraph on Sample Containers. The appropriate preservative was added
to the collected sample and the container was securely capped. Sample containers were labeled and
logged in the logbovk. The samples were placed in ice chests immediately after sampling and
delivered to the laboratory within accepted holding times. The samples were kept on ice during
shipment and stored at 4°C prior to chemical analysis.

Equipment used for making field measuremants of water levels, well depths, temperature,
conductivity, salinity, volatile gases, and pH prior to purging or sampling the well included the
following items.

pH meter.
Salinity/Conductivity meter,
M-Scope.

HNU meter.

Filtering apparatus.

a0 oW

Field filtering equipment was used to filter groundwater samples to be analyzed for metals and
TOC. The filtration step was done to allow for determination of scluble metals and TOC. A
pressure fiitration apparatus with a 0.45 micron high capacity filter was used to filter groundwater
samples in the field. Filtration was not required for surface water samples,
Eield Measurements and Purging of Wells

Prior to purging of the monitoring wells, HNU readings were taken in the headspace of each
well. The water level and the well depth of each well were measured from top of casing and
recorded before purging began. The purge volume was then determined by calculating the three well
volumes required for removal. The equations used for calculating purged volumes of water follows:

Afcuft)y = 08 x(d")x (bg)
B (gals) = A x 7.48 gal/ft’
V(gals) = 3x B




where A = volume of the well,
B = volume of the well, gals

b = well depth, ft

¢ = depth to water level, f

d = diameter of the well, ft

V = volume to be purged, gal

After the volume of water to be purged had been determined, the water was removed by
pumping or bailing. If the well recharged quickly and/or contained 20 gals or more of water to be
purged, the weli water was removed with a submersible pump. If the well recharged siowly and/or
contained less than 20 gals of water, purging was done by baiiing the water with a PVC bailer.
Nylon rope was used to lower the pump or bailer into the wells. A new rope was used for purging
each well. As mentioned earlier, the purged water and excess water from cleaning equipment or
sampling were drummed for subsequent EP toxicity testing and disposal. The purging apparatus was
cleaned and decontaminated before use in another well to prevent cross contamination.

mplin roundwater Weli

Before sampling of groundwater welils began, equipment bianks were collected and analyzed
for the contaminants of interest. These blanks permit the correction of aralytical results for changes
which may occur after sample collection. One set of blanks per day for each contaminant of interest
was made up in the field on each day of sampling. The blanks were obtained by using double
deionized (DDI) water and subjecting it to the same sampling, filtering, and preservation equipment
as a normal sample. The blanks were collected in containers that were triple rinsed with unfiitered
(for organic analytes) or filtered (for inorganic analytes) distilled water.

After the well was purged, the samples were obtained immediately. For slow recovering
weils, the sample was co'lected immediately after a sufficient volume was available. The ground-
water well samples were collected with a teflon bailer lowered on a teflon coated cable into the well
casing. After obtaining the groundwater samples, a second sample was collected for temperature,
conductivity, and pH measurements, which were measured in the field.

Samples for Metals Analysis

Samples for metal analysis were filtered in the field using 2 0.45 micron high capacity filter.
The sample containers were triple rinsed with filtered sample before obtaining a sample for analysis.

When sampling water for volatile compounds, extra care was exercised to prevent analyte

losses due to volatilization. Precautinnary measures included avoiding aeration or agitation of the
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sample, taking care that no air bubbles were trapped in the sample vial, and pever allowing a volatile

sample to freeze.

rface Water Samplin

Before sampling of surface water, sample containers were sample rinsed, taking care not to
disturb sediments at the sampling point. Surface water samples were not filtered. All samples were
placed in containers that had been cleaned according to the protocols in the paragraph on Sample
Containers. The appropriate preservative was added to the collected sample and the container was
capped securely. Sample containers were labeled and logged in the logbook. The sample containers
were placed in ice chests immediately after sampling and delivered to the laboratory within accepted

holding times. The samples were kept on ice during shipment and stored at 4°C prior to chemical

analysis.
rfag il Samplin

Surface soils samples were collected from locations representative of site conditions. Discrete
samples were collected with a stainless steel scoop, composited, and analyzed.

Prior to sampling, surface vegetation, rocks, pebbies, leaves, twigs, and debris were cleared
from the sample location to allow collection of a representative soil sample (Environmental Protection
Agency, 1986). The sampling equipment was cleaned before and after collection of each sample,

The sampling equipment was thoroughly scrubbed and rinsed with DDI water and then dried with

clean paper towels.
All samples were placed in containers that had been cleaned according to the protocols in the

paragraph on sample containers. Sample containers were laheled and logged in a logbook. The
sample containers were placed in ice chests immediately after sampling and kept on ice during
shipment. Samples were delivered to the laboratory within accepted holding times.

Prior to soil sampling, an equipment blank was callected by rinsing the sampling equipment
with DDI into the appropriate sample container. The sample containers were triple rinsed with a

portion of the blank rinsate before the sample(s) was taken.




Groundwater,

All equipment used to measure, purge, filtar, and sample the groundwater wells was cleaned
between each well to prevent cross-contamination between wells. No detergents, soaps, or solvents
were used to clean equipment in the field. Clean disposable gloves are worn at all times to eliminate
cross-contamination. The equipment decontamination procedure included rinsing with 10% nitric acid
solution then thoroughly rinsing with distilled water three times.

Surface Water and Soil,

Equipment used for collecting soil and surface water samples were rinsed thoroughly with
DDI. Sometimes scrubbing was required when sediments adhered to sampling equipment. No
detergents, soaps, or solvents were used to clean equipment in the field. Clean disposable gloves are

worn at all times to eliminate cross-contamination.

Sample Preservation

The purpose of sample preservation is to prevent or retard the degradation/modification of
chemicals in water samples during transit and storage. Efforts to preserve the integrity of the samples

were initiated at the time of sampling and continued until chemical analysis was completed.
mplg Container

All sample containers were cleaned. The following steps were taken to minimize
contamination from the containers in which the samples were stored. If the analytes were organic,
the containers were amber glass bottles. Organic volatile samples were collected in 40 ml glass vials.
If the analytes were inorganic, the containers were polyethylene bottles. Containers for soil samples
were 40 ml glass vials for volatile organics and 16 oz. wide mouth glass jars for the other priority
pollutants. New sample bottles were cleaned according to the procedure presented below; reuse of
sample containers was prohibited. Use of commercially certified cleaned containers was allowed if
the cleaning procedure complied with that listed below,

8 Polyethylene Bottles and Polyethylene Caps

Rinse bottles and lids with §% sodium hydroxide.

Rinse with DDI.

Rinse with §% Ultrex nitric acid in deionized water.

Rinse with DDI.

. Drain and air dry.

mber Glass Bottles, Wide Mouth Glass Jars, or 40 ml Glass Vials

>
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Scrub and wash bottles in detergent.
Rinse with copious amounts of DDI.
Rinse with acetone.

Rinse with methylene chloride.

Rinse with hexane.

Air dry.

Heat to 200°C.

Allow to cool.

Cap with clean caps with teflon liners.

R e e o

8 Teflon Liners (avoid contact with fingers)
Wash with detergent.

Rinse with DDI.

Rinse with acetone.

Rinse with hexane.

Air dry.

Heat to 40°C for 2 hours.

Allow to cool.

Use to cap cleaned bottles.

I NN 'S

The sample containers, including caps, were triple rinsed with sample water, if appropriate.
Bottles and caps for filtered samples were rinsed with filtered sample water and bottles and caps for

unfiltered samples were rinsed with unfiltered sample water.

Eield Measurements
Field Measurements Prior To Purging
There were no positive HNU readings detected in any of the wells.
Water levels and depths to the bottom of the wells were measured and recorded for each well. FTA-

M3 was dry during all 3 sample rounds.
{easuremen r Samplin
Conductivity, pH, and temperature measurements were made immediately after the samples

were collected.

A chain-of-custody procedure was used to maintain the integrity of the sample after collection.
The samples were locked up whenever they were not being attended.  After the samples were
collected a chain-of-custody sheet was placed inside the ice chests, and chain-of-custody seals were

placed on the shipping container.
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PART VII: ANALYSIS OF CHEMICAL DATA

rface-water Sampl

Table 7 (Appendix I) contains the compounds detected in the four surface-water samples
collected from the AFTA and the guidelines for water for these compounds. A sample was collected
from Berm 2, Berm 3, the separation pond associated with Berm 3 and the stream (cutfall) leaving the
sepdration pond (Figure 31).

Sources for the guidelines used are the Drinking Water Regulations and Health Advisories
(Enviroamental Protection Agency, 1991) and the Water Quality Criteria established by EPA in 1986
for freshwater and marine aquatic life. Criteria has been established for acute and chronic symptoms.
Acute symptoms occur quickly and chronic, occur over time.

Berm 2,

FTASB? is the sample collected from the water standing in Berm 2 (Figure 32). Cadmium,
leac, and benzene exceeded the MCL. The water quality criteria for freshwater and marine aquatic
life were exceeded by cadmium, chromium, copper, lead, nickel, silver, and zinc. Oil and grease
was detected at 34,763,000 ug/L. Water quality criteria states that "surface waters shall be virtually
free from floating nonpetroleum oil of vegetable or animal origin, as well as petreleum derived oils”
(Environmental Protection Agency, 1986).

Benzene, toluene and xylenes, contaminants associated with gasoline and fuels, were detected.
On'y Benzene exceeded an MCL. Concentrations of all three compounds were below the water
quaiity criteria for aquatic life. Phenanthrene and 2-methylnaphthalene, also contaminants associated
with fuel or petroleum products, were detected at concentrations of 63,000 ug/l and 140,000 ug/L,
respactively.

Methylene chloride, acetone, and 2-hexanone, purgable organics that have many industrial
uses as solvents, were detected in FTASB2. Methylene chloride was detected at 480 ug/L, acetone
at 110,000 ug/L, and 2-hexanone at 1300 ug/L. Both methylene chloride and acetone are common
solvents used in the laboratory for cleaning,

Berm 3,

Sample FTASB3J was collected from the water standing in berm 3 (Figure 33). Samples were
also collected from 2 areas adjacent to the berm that contained water, the separation pond (sample
FTASB3SP), and the stream leaving the separation pond (sample FTSB3OF).

Cadmium, lead, and benzene exceed the MCL in FTASBI. Cadmium, chromium, copper,

N
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Figure 33. Surface water sample locations in Berm 3, its drainage path, the separation pond,
and the outfall area
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lead, nickel, silver, zin¢, total DDT, and Endosulfan II in FTASB3 exceed the water quality
criteria. Cadmium was detected at 30.5 ug/L. This concentration exceeds the MCL and the water
quality criteria, except for the marine acute criteria. Lead (2530 ug/L) exceeds the MCL and water
quality criteria. The concentrations of copper (455 ug/L) and zinc (2620 ug/L) do not exceed the
MCL, but they do exceed all water quality criteria established for aquatic life protection. Chromium
was detected at 54 ug/L, which exceeds the acute and chronic freshwater aquatic life criteria.

The oil and grease concentration in Berm 3 was 11,596,000 ugiL. As noted above, surface
waters are to be free of oils, both petroleum and non-petroleum, animal and vegetable.

The concentration of benzene, 130 ug/L. exceads the MCL for this compound. Concentrations
of toluene and total xylenes are 73 ug/L and 123 ug/L, respectively. These concentrations, including
benzene, do not exceed any water quality criteria. Concentrations of other components of fuel are
24,000 ug/L of phenanthrene and 100,000 ug/L of 2-methylnaphthalene. Solvents detected in
FTASB3 are methylene chioride, acetone and 2-hexanone. Methylene chloride was detected at 76
ug/L; acetone, 95,000 ug/L, and 2-hexanone, 860 ug/L. Both methylene chloride and acetone are
common solvents used in the laboratory for cleaning.

The total DDT and Endosuifan II detected in FTASB3 were 11 ug/L and 3.3 ug/L,
respectively. MCLs have not been established for these pesticides. The total DDT and Endosulfan Il
exceed the water quality criteria.

The concentrations of cadmium and lead in the water samples collected from the areas
adjacent to Berm 3, FTASB3SP and FTASB3OF, exczed the MCLs and water quality criteria. The
concentration of lead in FTASB3SP (249 ug/L) and FTAB3QOF (193 ug/L) exceed the MCLs and the
fresh and marine water quality criteria. The concentration of cadmium in FTASB3SP (6.6 ug/L) and
FTASB3OF (6.2 ug/L) exceed the MCLs, but only exceed the acute fresh water quality criteria (3.9
ug/L). '

The components of tuel detected in these samples are benzene, toluene, total xylenes,
ethylbenzene and phenanthrene. Concentrations of benzene in FTASB3SP (200 ug/L) and
FTASB3OF (210 ug/L) exceed the MCL (5 ug/L). No water guality criteria for fuel components
were exceeded.

Solvents detected in FTASB3SP and FTASB3OF include methylene chloride (100 and 160
ug/L, respectively), 2-hexanone (890 and 1600 ug/L, respectively), acetone (67,000 and 62,000 ug/L,
respectively) and benzyl alcohol (920 and 1800 ug/L, respectively). Methyl chloride exceeds the

MCL of § ug/L. Methylene chloride and acetone are commuon solvents used in the laboratory.
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A soil gas survey was conducted from March to July 1989 with a final report (Appendix J)
being submitted in August 1989 by the U.S. Army Corps of Engineers, Baltimore District (Stefano, J.
E., 1989). A grid of 9 rows and 9 columns (81 points) was used to cover an 800-foot by 800-foot
area that centers on Berms 2 and 3 where the majority of the exercises took place (Figure 34).
Samples were collected at four different depths at six sample points in the center of the area to
determine the depth that would be the best representative depth of contamination. Samples were
drawn from depths of 3 feet, 5 feet, 7 feet and 9 feet at each point. The maximum contamination
was detecied at a depth of 5 feet, which was then used as the depth of the survey. After completion
of the 81-point grid, additional sample points were added in areas where contaminants had been
identified. A total of 176 points were sampled.

The sampling procedure involved driving stainless steel tubing, with a stainless steel carriage
bolt in the tip, into the ground. After the tubing was at the desired saraple depth, it was pulled back
approximately 4 inches, allowing the carriage bolt to drop out of the tip, exposing the probe to a
small void in the soil. A stainless steel sampling manifold was then attached to the surface end of the
probe. The sampling manifold has a nipple for attaching a vacuum line on one side and a septum
port on the opposite. The vacuum pump was attached to the sampling manifold and the system was
bumped 3 to 5 minutes. The volume of subsurface vapors being collected was monitored using a
valve and vacuum gage within the system. The sample was then collected through the septum port
using a gas tight syringe. A Photovac 10S70 Gas Chromatograph (GC) was used on site to analyze
the samples. The vapor standard used to calibrate the Photovac was a blend containing seven
compounds including benzene, toluene and o-xylene.

QA/QC required that sampling probes be steam cleaned after every use and after every six
samples the entire system be disassembled and steam cleaned. The teflon tubing used to attach the
vacuum pump was changed periodically or whenever signs of visible contamination was observed .

Results of the soil gas survey showed concentrations of benzene ranging from undetected to
6.85 ppm. Toluene concentrations ranged from <0.01 ppm to 7.55 ppm and o-xylene concentrations
ranged from undetected ppm to 0.85 ppm (USACE, 1989). The total concentrations of benzene,
toluene and o-xylene are shown in Figure 35. The total number of ionizables that were detected are
shown in Figure 36. lonizables are those compounds detected by the Photovac 10870 Gas
Chromatograph but not defined and quantified.

The higher levels of soi! vapor contaminants were adjacent to the burn pits and to the south-
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southeast between the pits and Bush River Road. "Changes in tie amount of soil moisture and
ambient temperature over the duration of the field work may have atfected the results” (USACE,
1989). Contaminants appear to be moving in a southern direction with the regional groundwater
flow; however the vertical profiling did not show an increase with depth, that is expected with
contaminant movement with groundwater. "This indicates that site geology has the most significant

intfluence on the movement of contaminants at this site” (USACE, 1989).

Suil Samples

At this time no standards exist for maximum allowable concentrations of contaminants in
soils; each site is typically revizwed on a site-by-site basis. Guidelines used in this report are from
several different sources. Guidelines for metals and natural elements are the values given as the upper
range for the elements naturally occurring in soii (Shields, 1990). Guidelines for organic constituents
detected are the new toxicity characteristic (TC) regulations (Environmental Reporter, 1990). This
value characterizes wastes based on its toxicity. The guideline for PCBs is a 10 ppm action level
issued to APG under the Toxic Substance Control Act (TSCA). The guideline for total DDT is |
ppm as issued by the State of Maryland in 1980 for the DDT spill site near Building 450.

Twenty-one surficial soil samples were collected from the site for this study. Analysis of the
soil samples (Table 8 and Appendix K) indicates the presence of metals, hydrocarbons, and volatile
organic comgounds.

Beria 1

There are no visible signs of ground surface contamination in this berm. Two soil samples,
FTABII and FTABI2, were collected from Berm | (Figure 37).  Both samples contained methylene
chloride at 0.042 mg/Kg and 0.038 mg/Kg. respectively. The cadmium concentration in FTABI 1
(17.30 mg’/Kyg) exceeds the guideline of 7.0 mg/Kg used in this report. Lead in sample FTABI |
(352.0 mg/Kg) exceeds the guideline. The zine content of FTABL! (299.0 mg/KQG) is just under the
guideline of 300 mg/Kg used for this report.

Berm 2 .

Figure 38 shows were the four soil samples were collected from the visible arcas of
contamination in Berm 2. No metals were detzcted above the guidelines used in this report.
Tetrachloroethene was detected in sample FTAB24 (6.0 mg/Kg). Methylene chloride was detected in
two of the samples, FTAB21 (0.15 mg/Kg) and FTAB22 (0.069 mg/Kg). Methylene chloride is an

industrial solvent with many uses and may have been intrcduced in the laboratory. Total xylenes
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Table & (continued)
Parameters detected in the soil samples at the AFTA (page 1 of 3)

PARAMETER

SGIL SAMPLE 1D wi¥ dsw in g/’ KG

FTABi

FTABI2

FTAB2!

FTAB2Z

FTAED

FTARU

FTAR2DDI

GUIDELINE
( mg/Kg)

Arsenic

6

4.49

3.09

249

31

539

4.69

40

Beryllium

1.4

13

1.2

i1

1

1.8

1.4

40

Cadmium

173 ¢#

6.49

0.62%

0.699

0.76

0.327

0.788

7

Chromium

28

px)

16.7

177

15.3

24.5

16.4

3000

Copper

74,

38.2

13.1

13.1

1035

12.1

14.1

100

52 4

126

96.5

962

34.3

200

0.8

Nickel

2.7

16.6

10.6

33

13.7

1000

Suver

0.2

0.299

b

138

64.7

53.6

35.1

300

Sdicoa

253

259

B

3

433

Mcshyleae Chloride

0.042

0.008

0.1§

——

Towl DOT

0.0352

0.0153

0.0007

|

PCB-1248

0.013

PCB-1260

034

034

Q.1

Heptachior

0.001

Pheoanthreos

T-Xylens

Trchlorostheas

Tetrachlorocthens

Toluene

Beazeus

Pyrene

Acewne

Ethylbenzene

+BHC

b-BHC

¢-BHC

g2-BHC

Fluorens

Chryssae

Benzo(h) flurastheos

Berzo(s)pyrenn

2-Methylnaphthaleas

Fluorsuthene

Drbutyiphihalate

Bis(1-ethyhexvDphihalawe

% a-oxctylphthalate

Endnia

Endosuilan 1]

———

Aldrin

—

a——

——  Balow Dewxtion Limat

~ indicome Guideling not avedehle

# exceeds Guideline
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Table 8 (continued)

Parameters detected in soil samples at the AFTA (page 2 of 3)
SOM. SAMPLE ID with data in mg XG GUIDELINE
PARAMETER Framppz | FTAR | Frams2 | FTamds | #TaRs¢ | FrAABIDD | FraBisps | (mgKy)
Arseaic 49 2.39 1.9 34 1.9 2.2 3.09 40
Beryliium 1.2 0.798 0.7 1 0.8%9 0.99%9 13 40
Cadmium 47 2 0.34 0.4 4.49 3.26 1.27 7
Chromium n 287 16.2 16.4 33.1 219 31.1 3000
Capper 2 36.4 11 9.2 4.4 30.9 17.1 100
Lead 136 m 254 [3H] S03 # 37 # 192 200
Mercury | 0.652 — — . — — —_ 0.3
Nickel | 41.3 19 9 92 182 12.5 10.4 1000
Silver 0.1 0.1 0.6 0.9 4.19 45 0.1 3
Zinc 128 09 ¢ 9.1 54.1 648 ¢ 140 103 300
Siicon | 34.9 2.1 26.5 26.9 2.1 283 216 -
Methyleoe Chloride | 0.42 0.35 0.1 —_ 52 14 0.059 -
Tt DDT| 0.231 0.58 0.27m 0.29 0.0 1.495 # 0.58 1
PC3-1248 - — — — . 17 — 10
PCB-1250| 032 43 0.94 0.57 — -— — 10
Heptachlor — — — . N — — -
Phosanthrene -— —— — —— — —— -
T-Xylene — —_ - 1 43 2 — -
Trichioroothens — - — — s - — -
Tarchionethens —_ 0.28 —_ — 382 —_ ~— 0.7
Toluene . — —_ T} 5.7 — — -
Beazens — — —_ -— 1.7 — — -
Pyress —_ — —_ — 62 _— —_ ~
Acatons —_— — — — —_— — 13 -
Ethytbenrsae — —_ — 7 .8 5.2 —_ -
»BRC 0.000% — — —_— - — — -
»-BHC — —_— — — - . 0.0047 -
¢-BHC . — — —_— — — — -
g-BHC — — 0.005 | 10.0048 — — 0.0m4 -
Foreas — — — _— 17 — a— -
Chrysens — — o— — it — — -
Baazo(h ) Guraathens — — — — 10 — — -
Beazo(a)p yrens —— — -— — $ — — -
2-Methylneghthalnas —_ — —_ — 39 —_ — -
Freoreathens — e — — — -— —_— -
Dubutylphthalate —_ — — — — . — -
Bas(l-athythexyNpbihalee — — — — — — — -
Di-a-octyiphthalets - — — —— — —— -— -
Eadria — — — — —_ — — -
Eadosultan [l —_ — 0.0)4 —_ — — _- -
Aldrin — — - 0.0009 -— — — -

= Balow Detecton Limet

indicotas Guideling not available

#  excesds Guideline

83




Table 8 {concluded)
Parameters detected in soil samples at the AFTA (page 3 of 3)

SOIL SAMPLE ID with dats in mig 'KG GUIDELINE
PARAMETER FTABISP2 | FTAB3OF | FTASH! | FTASH2 | FTASHS | FTAFEI | FTAFE2 (mg/Kg)
Arseaic 2.4 2.1 1.9 0.299 23 10.2 3.59 40
Beryllium 0.898 0.799 0.698 — 1.3 1.3 0.79%9 40
Cadmium 1.33 131 0.768 1.23 0.27 5.94 7.81 # 7
Chromium 1.4 6.29 it 6.69 14.4 69 26.1 3000
Copper 179 13.4 6.13 s25 9.48 328 28.6 100
Lead| 2690 # 13 n2 15 59.7 301.0 7 | 2440 # - 200
Meecucy —_ — — — — — 0.804 # 0.8
Nickel 9.48 5.69 10.7 7.59 133 3852 21.6 1000
Silver 0.1 0.1 — - 0.2 1.5 255 ¢4 5
Zinc 123 219 146 136 140 38107 234 300
Silicon 396 19.4 2.2 34.2 2.8 18.3 354 -
Methyleae Chloride 0.06 — 0.55 0.1 — 0.076 0.059 -
Total DDT 0.588 0.0019 0.004 0.0053 0.024 0.19 0.1%3 1
PCB-1248 — _ —_— —_— — — — 10
PCB-1260 — -— —_— — — 0.38 0.079 10
Heptachior —_ 0.003 — — —_— — 0.0014 -
Phenanthrene — — 0.06 — —_ — — -
T-Xylene — — —_— —_— — —— — -
Trchloroethens —_— —_ — — — —_ — -
Tetrachloroethene — — —_ — —— —_— — 0.7
Tcluene — — - — — —— — -
Berzene — — — — — —— — -
Pyrene — — 0.32 — _— [ —~— -
Acetone 1.2 29 1.4 —_— — — — -
Ethylbenzene — -— —_ — — —— — -
s+-BHC — — — —_ - ¢ 2005 — -
b-BHC — _ — _— 0 0054 — — -
4-BHC —— —_ -— — —_— —_— — -
g-BHC -_— — 0r _— — — —— -
Fluorens _— —_— — — —— — — -
Chrysene — — 0o — — — — -
Beazndh)fluranthene —_— — 0.56 p— — — —_ -
Benzodapyrene —— 0.09 04 — — — — -
2-Methylnaphthaicne —_ 0.08 0.04 —-— —_— — — -
Fluorsnthene — -— 0.54 — — — — -
Dibutylphihalste —_— — 0.24 0.4t —— _— — -
Bis(2-ethylhexyphthalate — —_ 037 0.69 —_ — — -~
Di-a-actylphthaiste -— — 0.2 — — —— — -
Endnin — — — —— — 0.083 —— -
Endomuifan 1 — = — -— — —_— — -
Aldna — -— — — — 0.0009 — -
- Balow Detectin Lamut - indic ates Guideling not availabile & exceeds Guideline
1.1
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Figure 37. Soil sample focations in Berm 1.
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were detected in FTAB23 and FTAB24 at 33.0 mg/Kg and 90.0 mg/Kg, respectively. Toluene (27.0
mg/Kg) and ethyibenzene (20.0 mg/Kg) were detected in FTAB24. Phenanthrene, a breakdown
component of fuel, was detected in FTAB2! at 2.0 mg/Kg.

Two samples, FTAB2DD1 and FTAB2DD2, were collected along the drainage path (Figure
38) that leads from Berm 2. Methylene chloride was detected in FTAB2DD2 at 0.42 mg/Kg. No
other organic compounds were detected. The metals detected in both samples were below guidelines.
Berm

Four soil samples were collected from Berm 3 (Figere 39). Lead was detected in three
samples, FTAB31 (277.0 mg/Kg), FTAB32 (254.0 mg/Kg), and FTAB34 (503.0 mg/Kg}, above the
200 mg/Kg guideline. The zinc content in FTAB31 (409.0 mg/Kg) and FTAB34 (648.0 mg/Kg)
exceed the natural soil guideline of 300 mg/Kg. Purgable organic compounds detected include:
methylene chloride, tetrachloroethene and trichloroethene. Methylene chloride was detected in three
samples, FTAB31 (0.35 mg/Kg), FTAB32 (0.11 mg/Kg) and FTAB34 (5.2 mg/Kg). Trichloroethene
(TCE) was detected in FTAB34 at 3.5 mg/Kg. Tetrachloroethene was detected in two of the samples,
FTAB31 (0.28 mg/Kg) and FTAB34 (3.8 mg/Kg), the latter exceeding guidelines.

Parameters detected in the samples that are associated with fuel contamination include:
benzene, toluene, xylene, ethylbenzene, benzo(b)luoranthene, benzo(a)pyrene, phenanthrene and
2-methylinaphihalene. These compounds were detected in two samples, FTAB33 and FTAB34.
These two samples are from the low area of the berm that collects the water before it moves into the
separation pond. Total xylenes in samples FTAB33 and FTAB34 were 51.0 mg/Kg and 4.8 mg/Kg,
respectively, and toluene were 18.0 mg/Kg and 5.7 mg/Kg, respectively. Ethylbenzene was detected
in FTAB33 and FTAB34 at 7.0 mg/Kg and 4.8 mg/Kg, respectively. Benzene (1.7 mg/Kg),
phenanthrene (63.0 mg/Kgj, benzo(a)fluoranthene (10.0 mg/Kg), benzo(a)pyrene (6.0 mg/Kg), and
2-methylnaphthalene (39.0 mg/Kg) were detected only in FTAB34.

One sample, FTAB3DD, was collected from the drainage path between Berm 3 and the
separation pond (Figure 39). The lead (237.0 mg/Kg), total DDT (1.497 mg/Kg) and PCB-1248
(17.0 mg/Kg) were above the guideline of 200.0 mg/Kg, 1.0 mg/Kg and 10 mg/Kg, respectively.
Methylene chloride was detected at 14.0 mg/Kg. Total xylenes (25 mg/Kg), toluene (17.0 mg/Kg)
and ethylbenzene (8.2 mg/Kg) were also detected in FTAB3DD.

Two samples (FTAB3SPI and FTAB3SP?) were collected from the separation pond (Figure
39). The lead content in FTAB3SP2 (269 my/Kg) exceeded the guideline of 200 mg/Kg and
FTAB3SP1 contained 192 mg/Kyg of lead. Methylene chloride (0.06 mg/Kg in both samples) and
acetone (1.8 mg/Kg and 1.2 mg/Kg) were detected in FTAB3ISPI and FTABISP?, respectively.
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Figure 38. Soil sample locations in Berm 2 and its drainage path.
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Figure 39. Soil sample locations in Berm 3, its drainage path, the separation pond and the outfall
area.
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A composite sampie, FTAB3OF, was collected along the creek leading out of the separation
pond to Romney Creek (Figure 39). Acetone (2.9 mg/Kg). benzo(a)pyrene (0.09 mg/Kg) and
2-methylnaphthalene (0.08 mg/Kg) were detected in the sediments. Benzo(a)pyrene and
2-methylnaphthalene are breakdown components of fuel.

Old Smoke House

Figure 40 shows the location of composite sample FTASH2 which was collected from inside
the Old Smoke House and composite samples FTASH1 and FTASH3 which were collected outside the
Old Smoke House. No metals or organics were detected above the guidelines used for this report.
Organics detectad included: methylene chloride, phenanthrene, fluoranthzne, chrysene,
benzc{b)fluoranthene, benzo(a)pyrene, 2-methylnaphthalene, acetone, dibutylphthalate,
bis(2-ethylhexylphthalate, di-n-octylphthalate.

Methylene chloride was detected in FTASHI (0.55 mg/Kg) and FTASH2 (0.1 mg/Kg). Other
compounds detected in FTASH1 and FTASH2 were dibutyiphthalate (0.24 mg/Kg and 0.41 mg/Kg,
respectively), and bis(2-ethythexyl)phthalate (0.37 mg/Kg and 0.69 mg/Kg, respectively).
Di-n-octylphthalate and acetone were detected in FTASHI at 0.2 mg/Kg and 1.1 mg/Kg. The
phthalates are common laboratory contaminants. Methylene chloride and acetone are common
industrial solvents with many uses and may have been introduced in the laboratory. Other organic
¢nmpounds detected in FTASHI are breakdown components of fuels or petroleum products.

Fire Extinguisher Practice Area,

Two samples (FTAFE!] and FTAFE2) were collected from the Fire Extinguisher Practice area
(Figure 41). Lead, zinc, cadmium, mercury and silver exceeded the guideline at the Fire
Extinguisher area. The concentrations detected which exceeded guidelines in the 2 samples are listed

below in mg/Kg:

PARAMETER ETAFEL ETAEE2 GUIDELINE
Lead 101 244 200

Zing 381 234 300
Cadmium 594 7.81 7

Mercury .- 0.804 0.8

Silver 1.5 5.5 5

Methylene chloride was detected in FTAFE!L and FTAFE2 (0 076 mg/Kg and 0.059 mg/Kg,

respectively).
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Figure 40. Soil sample locations at the Old Smoke House
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Underground Storage Tank

A sample of the contents of the underground stcrage tank (UST) was collected and analyzea.
The sample separated into two distinct phases (water and oil) in the sample bottles. The two phases
were separated in the laboratory and analyzed (Appendix L). A phase from the oil/water contact was
also analyzed (Tablc 9). The sample contained a mixture of hydrocarbons with carbon chains ranging
from C9 to C25 and low volatiles with carbon chains less than C9. The contents were identified as
an aged diesel fuel or gasoline. Table 9 shows the parameters and their toxicity characteristic. As

previously nw.cea the UST was removed in 1990. A monitoring well has been installed where the

UST was removed.

Groundwater Samples

Three rounds of samples were collected from 11 of the 12 AFTA groundwater mornitor wells
and 2 former standby production wells, 1040 and 1041. Well FTA-M3 was dry. Production wells
1040 and 1041 are not in use; the pumps have been remnved: The samnlzs were collected in
February, May and July 1990 (Sample Rounds 1, 2 and 3, respectiveiy). The results of these analysis
are given in Appendices M, N and O. Tahie 10 is a summary of ali the chemical pararaeters above
the detection limit and the indicator parameters (pH, conductivity, and temperature) . The guidelines

listed in Table 10 are from the "Drinking Water Regulations and Health Advisories” by the Oftfice of

Drinking Water, USEPA, November 1996 (upceizd January 1991).

Background Levels for Commonly Reported Parameters

Background levels for the more commonly reported parameters were establisied using data
from the USGS Water Resources Data Maryland and Delaware Water Year 1987 Report MD-DE-87-
1 (James, et al, 1987) and Water Year 1988 Report MD-DE-88-1 (James, et al, 1988) =nd the
Maryland erlogical Survey Water Resources Data Report No. 7, 1975 (Nutter and Smigaj, 1975).
The data from 11 wells screened in the Talbot Formation were used to establish the background levels
crable 1. All 11 of the background wells are located in the DE quadrangls of the Maryland
Geological Survey Report No. 7 (Nutter and Smigaj, 1973) up-gradient of AA-APG (Figurc 42).

Table 12 shows the comparison between the Jdata from the J rounds of groundwater samples
at the AFTA and the background levels. The calcium, magnesium and sodium values at the AFTA
fell within the general range of background wells. No MCL or SMCL guidelines have been

established for calcium, muagnesium oc sodium,
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Tabie 9

Parameters detected in UST at AFTA
CONCENTRATION EP TOXICITY
DETECTED CHARACTERISTIC
JAMPLE TYPE PARAMETER in ug/L in ug/L
WATER LAYER Antimony 64 -
Cadmium 187 1000
Chromium 62 5000
- Copper 2,660 -
Lead 182 5000
Mercury 0.5 200
Nickel 491 --
Silicon 3,630 -
Silver 0.1 5000
Thallium 4 * -
- : Zinc 5,440 -
Orthophosphate 1,570 -~
Ammonia Nitrogen 10,700 -
Nitrate Nitrogen 31,000 -
Chemical Oxygen Demand 310,000,000 -
. - Qil & Grease 27,430 -
Phenol 400 --
2-Methylphenol 2,300 -
Benzy! Alcohol 3,000 -
Dimethyl Phthalate 370 -
Naphthalene 2300 -
Phenanthrene 730 -
2-Methylnaphthalene 6300 -~
OIL LAYER Oil & Grease 1,135,500,000 -
Aldrin 10 -
Heptachlor Epoxide 20 8
Fluorene 175,000 --
- Diethylphthalate 214,000 -
Naphthalene 1340,000 -
Phenanthrene 338,000 -~
2-Methylnaphthalene 3470,000 -~
OIL/WATER LAYER Toluene 4,700,000 -
Ethylbenzene 1,700,000 -
T-Xylene 8,300,000 -

-- indicates EP Toxicity Characteristic not available
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Table 10 (continued}

rameter ve th ction limit in groundwater 1 he AFTA in Sample Roun
| (February 1 2 May 1 n ly | a f
FTA-M! FTA-M2 FTA-M4
SAMPLE ROUND SAMPLE ROUND SAMPLE ROUND
PARAMETER 1 2 3 t 2 3 i 2 3
Barium NA:{ 235 - NA M4 — NA: 545 55
Cadmium - - — ~ _ - — — -
Calcium NA i 8,880 11,800 NA ? 2,467 4,770 NA : 2,900 4,960
Chromium - - — - — — — - 26
Copper - —_ - - i 12 — - 12.2 —
Iron NA i # 560 23t NA ¢ 374 - NA 224 4 5,240
Lead - - — — —_— — - —
Magnesium NA | 2,470 2,700 NA i 2,631 3,700 NA i 2,320 4,030
Manganese NA: 155 - NA 43 - NA 14 #4192
Nickel — - - — — — - — -
Potassium NA i 896 1,480 NA 518 828 NA i 4,480 6,750
Selenium - 1.6 - - 1.7 - - 1.1 -
Silica NA | 1,080 897 NA *{,490 1,840 NA i 2,054 4,590
Sodium NA | 8,460 9,830 NA : 2,040 3,190 NA | 3,484 4,390
Zine| 192 - 192 3.5 4.8 —- 20 18.5 -
Conductivity 8S 120 98 4 : S0 45 65 95 80
pH|# 526 i # 518 : # 601 | # 461 : # 530 1 474 #594. 14 500  # 599
Temperature | 13.2 1.5 17.9 13 12.4 22 12 13.4 17.9
Chloride NA : 15,400 ; 11,400 NA — 2,040 NA : 5,840 8,240
Sulfate NA i 34,600 i 28,100 NA 15,900 19,700 NA : 6,370 19,500
TDS NA i 94,000 : 144,000 NA i 54,000 114,000 NA i 76,000 : 128,000
Nitrates NA i 4,200 1,460 NA 280 350 NA: 1,700 2,330
Ammonia Nitrogen NA 300 — NA 270 — NA : 31,000 —
Oil & Grease NA | 4,000 — NA | 3,000 — NA | 4,000 —
Orthophosphate NA | -- - NA | — — NA - -
Phenols - - - - - 5.3 - - 9.2
Bis(2-cthylhexyl)phthalate 47 - - 4 . - — 58 — -
Tetrachloroethens - - - - - — - - —
Toluene — - — — ‘ - — — — —
‘Trichlorocthene - —_ - - — — — — —
1,1 ,1-Trchloroethane — — — - — — — — -
1 ,1-Dichloroethane — — -— — — — — - —
1 ,1-Dichloroethene — —— — - - — — e -
{ ,2-Dichlorocthane — - - — — — — — —

. sbove MCL
’ exceeds secondary MCL

NA  not analyzed for

Below Detection Limit

Duplicate samples (highest

velue used)

All dua are in ug/L, except conductivity in umhos
pH in pH units
Tempersture in °C
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Table 10 (continued)
Parameters above the detection limit in groundwater sample he AFTA in Sample Roun
|(February 1990}, 2 (May 1990), and uly 199 age 2 of

FTA-MS FTA-M6 FTA-M7
SAMPLE ROUND SAMPLE ROUND SAMPLE ROUND
PARAMETER ! 2 3 | 2 3 12 3
Barium NA *32.2 — NA 46.8 —_ NA: 282 34
Cadmium —_— - -— - — — — - -
Calcium NA 1,847 2,680 NA 3,130 4,560 NA{ 1,540 2,830
Chromium - - - - - - -~ - 5t
Copper - HE - — 127 — - 18 -
Iron NA i# 33 39 NA | ¥ 969 - NA # 388 § 421,400
Lead| — | — i - - - 1~ — - i R
Magiiesium NA 1,490 1,880 NA 2,620 3,590 NA : 1,430 2,810
Manganese NA ¥ *66.2 - NA # 213 4 228 NA: 4 416 : # 1,160
Nickel 32.8 *198 — 144 68 41 325 49.5 32
Potassium NA 4,480 816 NA 1,250 1,480 NA 67! 2,000
Selenium - - - - ! — - — -
Silica NA 2,170 2,070 NA 2,340 2,820 NA i 2,390 11,200
Sodium NA | 4,230 5,000 NA 4,780 6,350 NA: 4,520 6,600
Zinc 7.75 *30.5 - 17.5 137 — 308 36.2 -
Conductivity 42 57 45 33 50 40 33 45 30
pH| # 5.73 ¥ 452 14 497 ¥ 4.9 $ 522 ¥ 5.01 ¥ 477 ¥ 487 # 5.15
Temperature 14 143 189 13.4 137 0 249 14 13.1 195
Chlonde HA 6,650 8,940 NA 11,100 13,340 NA i 4,850 §,260
Sulfate NA 2240 4,350 NA 6,370 8,130 NA : 1,650 2,860
TDS NA 46,000 ; 30,000 NA *86,000 : 98,000 NA i 62,000 : 94,000
Nitrates NA 1,000 1,420 NA 2,360 2,080 NA § 1,400 1,370
Ammonia Nitrogen NA 300 - NA 100 - NA 110 -
Oil & Grease NA | 5000 i 7200 NA | 6,000 NA i 4,000 -
Ornthophosphate NA - — NA — - NA 320 —
Phenols - — i 66 - - 6.9 - - 37
Bis(2-cthythexyl)phthalate 4G — - 56 - - - - -
Tetrachloroethene - - - - — — 1.7 44 *10.2
Toluene - - - - - - - - 9.7
Trichloroethene - — - 323 170 162 87.% 219 *62.2
1,1 ,1-Trchlorocthane - - —_ 19 9.7 5.3 $5.1 119 -
1 ,1-Dichlorocthane - - — —_ - - 8.6 1.9 —
i ,1-Dichloroethene - —- - 6 — - -~ 31.8 *6.9
1, 2-Dichlorocthane | — - - - - e — - -
sbove MCL —  Below Detection Limit All data are in ug/L, except conductivity in umhos
’ exceeds secondary MCL *  Duplicste samples (highest pH in pH uaits

value used) Temperaturs in* C

NA  not analyzad for
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Table 10 (continued
Parameters above the detection limit in groun {
1 (February 1990), 2 (May 1990), and 3 (uly 1990) (page 3 of 5)

FTA in

FTA-M8 FTA-M9 FTA-M10
SAMPLE ROUND —__SAMPLE ROUND SAMPLE ROUND
PARAMETER 1 2 3 1 2 3 i 2 3
Barium NA | 485 17 NA 7.5 153 NA | 242 -
Cadmium - - - — — - - - -~
Calcium NA | 2,950 4,050 NA | 4,600 8,020 NA | *1540 } 2,490
Chromium — - — — - — - —-— -
Copper - 16 - - — — - 12.2 —_
Iron NA § # 630 | #!2,700 NA | ¢371 ¢ 23,300 NA | 102 # 23,200
Lead — — — — — - - — —
Magnesium NA | 2,350 3,280 NA 3.580 6,410 NA | *740 1,990
Manganese NA{ # 13 | # 1,360 NA ¥ 192 ' 722 NA L 26.5 ¥ 274
Nickel — 17.8 - 28.2 322 40 -— - 22
Polassium NA | 1,080 1,660 NA 1,300 3,150 NA | »585 2,060
Selenium - 1.1 - — — — — — -
Silica NA | 2,120 5,310 NA 1740 8,620 NA | 2160 9,420
Sodium NA | 5,290 5,450 NA | 10,800 6.410 NA | *4200 | 6,890
Ziw{ 198 56 - 26 3 - 13.2 21.2 -
Conductivity 50 n 58 83 210 150 25 45 32
pH | # 462 | # 4.58 | # 4.75 ¥ 545 f 499 ¥ 469 # 627 | #500] ¥ 5.05
Temperature | 14.1 16.1 20.5 13.8 184 21.7 13.3 13.8 20.7
Chloride NA | 8,840 | 11,400 NA {3750 | 45600 NA | 4,900 | 9,200
Sulfate NA | 5.280 11,700 NA 4.670 7.410 NA -~ —
TDS MA | 78,000 | 38,000 NA | 120,000 148,000 NA | 110,00 | 202,000
Nitrates NA | 2,100 1,440 NA 1.600 1,760 NA | 570 1,360
Ammoais Nitrogen NA 110 - NA 100 - NA{ 130 -
Oil & Grease NA | 5,000 - NA 5.000 - NA | 7,000 —
Orthoghosphate NA — - NA - —_ NA - -
Phenols — - 3.4 — — 6.6 - —-— 9.2
Bis(2<thythexyDpnthalate - - - - - — - e -
Tetrachiorocthene | 14.5 16.8 6.7 - - - - - -
Teluene - -- - — - - - - -
Trichloroethene | 175 21.8 5.3 172 3.5 12 o - --
1.1, 1-Trchloroethane 114 86.2 30.8 14.9 bR - — — o
§ .1-Dichlorocthane | 17.1 15 1.5 - - — - - -
1 ,1-Dichlorocthene { 7.5 8.6 - - — —-— - — —
1 .2-Dichlorocthanc | 3.3 54 - — - - - e -

[
NA

sbove MCL
exceeds secondary MCL

not analyzed for

Below Detection Limit

Duplicate Samples (higheat
vafue used)

Al data a0 in ug/L, except conduclivity in umhos

pH

in Ph units

Temperatuce in °C
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Table 10 (continued)

P T v ion limit in groundwater ] FTA in Sample Roun
1 ary 1990), 2 (May 1 n uly 199 age 4 of
FTA-MI1 FTA-M12 1040
SAMPLE ROUND SAMPLE ROUND SAMPLE ROUND
PARAMETER 1 2 3 i 2 3 1 2 3
Barium NA: 39.2 —_ NA 20.2 64 NA 28 —_
Cadmium - - - - - 536 - - —
Calcium NA | 3,290 *4730 NA 1,070 2,000 NA { 3,290 4,850
Chromium - - - - - 26 — - —
Copper - - - - 10.8 - 25.5 24.5 43
Iron NA i 71.8 i #+6310 NA 68.2 ¥ 68,800 NA i #1,190 | #2,700
Lead — - - - - — —_ - -
Magnesium NA i 2,460 *4200 NA 781 1,840 NA : 1,660 2,340
Manganese NA i ¥ 224 : # =525 NA /127 4 1,110 NA: # 138 4 146
Nickel | 64.2 35.5 - - 15.8 27 - - -
Potassium NA{ 878 *1560 NA 605 2,066 NA i 1,890 3,340
Selenium - - - — — — — —_ —_—
Silica NA i 1,510 #5080 NA 2,300 11,006 NA i 1,640 1,850
Sodium NA i 2,560 *3310 NA 2,82 4,010 NA { 3,940 5,820
Zinc} 13.3 218 - 19.5 - - s2.2 212 -
Conductivily 50 60 60 45 30 20 60 9 50
pH| #8533 (0 487 0 481 | #9592 § #4901 | £ 559 | # 579 4614 i # 537
Temperature | 14.3 13.3 20 13.7 134 1 197 10.3 13.3 17.6
Chloride NA i 2,640 3,460 NA 5,160 : €,190 NA { 13,000 9,780
Sullste NA : 16,600 : 21,800 NA - 1,730 NA o 4,460
TDS NA | 60,000 : 92,000 NA | 48,000 48,000 NA { 74,000 : 74,000
Nitrates NA : 1,920 1,060 NA 210 506 NA i 2,060 -
Ammonia Nitrogen NA 130 - NA 130 - NA i 250 -
Oil & Gresse NA i 4,000 - NA 4,000 - NA | 10,000 -
Orthophosphate NA —_ - NA - - NA — —_
Phenols - - 3.4 — — 8.2 - - 28
Bis(2-cthythexyl)phthalate - - - - - - 23 - -
Tetrachloroethene — - - - .- - o - -
Toluene ae - .- - - - . - -
Tnchioroethene .- - .- --- - - . - —
1,1, |-Trichlorcethane - - — 10.6 - - — - —
1 ,1-Dichloroethane —— — — - e - — — —
1 .1-Dichloroethene - ~ - - - - - — —_
1 .2-Dichlorocthane - - - - - - — - -

* sbove MCL ~  Below Detection Limit All data are in ug/L, except conductivity in umhos
7 sxcoeds secondsry MCL . Duplicats samples (highest pH in pH m.\iu.
value used) Temperture in *C

NA  not enalyzed for
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Table 10 (concluded)

Parameters abg ve the detection limit in groundwater samples at the AFTA in Sample Rounds
1 (February 1990), 2 (May 1990), and 3 {July 1990) (page 5 of 5}

104 DETECTION LIMITS GUIDELINE
SAMPLE ROUND SAMPLE ROUND (MCL"s except where
PARAMETER toi o2 3 12 3 SMCL'S noted)
Bacium NA 25.5 — NA § § 10 2,000 proposed
Cadmium - — —_ M 5 s 5
Calcium NA 2,990 4,780 NA 10 10 not available
Chromium - - - 10 10 10 100  (total Cr)
Copper | 145 208 45 10 10 10 1,300 proposed
tron NA 170 248 NA 10 10 300 SMCL
Lead} 792 - 57 30 20 20 5 proposed
Magnesium NA 1,470 2,070 NA k] 30 not available
Manganese NA ¥ 155 # 155 NA 10 10 50
Nickei - 19 19 15 i 1S 15 100 proposed
Poussium | NA 852 1,080 NA i 500 100 not available
Selenium - - —_— 2 1 1 50
Silica NA 142 1,790 NA 100 100 not available
Sodium NA 3,640 4,920 NA 30 30 not available
Zinc 116 17 — s 10 10 5,000 SMCL
Conductivity 45 39 45
pH{ ¥ 5.68 6.66 ¥ 525 6.5-8.5
Temperature i.2 13 233
Chiloride NA 25,100 | 38,580 NA 2,000 2,000 250,000 SMCL
Sulfse | Na | 3,060 - NA i 500 500 250,000 SMCL
TDS| NA {74,000 | 68,000 { NA 10,000 { 10,000 | 500,000 SMCL
Nitrates NA 1000 679 NA : 200 200 10,000
Ammonia Nitrogen NA 450 - NA 10 - 100 not availsble
Oil & Grease NA 9,000 — NA 1,000 5,000 not available
Orthophosphate NA - - NA 200 200 not available
Phenols — - 63 10 s 3 not available
Bis(2-ethylhexyl)phthalate — - - 10 10 i0 4
Tetrachioroethene - - - 5 s 5 5
Toiuene - - - 5 5 5 1,000
Trichloroethene — B - 5 b b )
1,1, 1-Trichloroethane - - - s s s 200
1, 1-Dichioroethanc - - - s b ] not available
1, 1-Dichlorocthene - - - 5 b} b 7
1, 2-Dichlorocthane - - - $ s ;S s
. sbove MCL -~ Below Detection Limit All data are in ug/L, except conductivity in umhos
’ excesds secondary MCL *  Duplicate samplea (highest pH in pH uni.u
value used) Temperature in °C

* not analyzed for
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Table 11
Background levels for commonly ¢ rs i T Formation
PARAMETERS in mg/L
WEIL | DEPTH| DATE ; TEMP
No. R |SAMPLED| C» i Cl ;i Fe Ki Mgi Mn: Naj | o
DE18! 60 9/12/44 - 9 14 - 0 - ~15.6 -
DE49? 28 3/29/38 37 21 § 0.022 4 26 4.9 15 | 5.0 12
DE49? 7/19/88 19 8.7 : 0.006 2.7 14 2.4 5.3 |46 13
DE86! 60 10/1/73 5.8 19 i 0.15 1.5 3.7 0.1 9.5 1|5.6 -~
DES86 ? 6/10/87 5.9 24§ 0.03 1.6 4 0.18 11 | 5.2 -
DESY? 78 4/15/88 1.3 3.7 017 0.8 i 0.55 ! 0.022 4.2 16.2 135
Di392° 38 4/7/38 9.8 55 6.3 1 8.9 i 0.18 35 | 6.1 14
DE¢2? 7/19/88 12 63 7 1.5 9.9 0.2 34 | 6.1 15
DE168? 50 5/18/87 5.9 9 13 0.8 3.7 ¢ 0.26 7.4 163 -
DE179? - 9/3/87 3.9 34 ; 0.13 2.2 4 002 17 | 5.2 -
DE182?| 100 3/31/38 4.3 16 i 0.26 1.8 3.1 0.13 16 | 5.7 15
DE190?| 50 6/10/87 9.2 12§ 073 2.2 9.7 i 0.05 26 153 -
DE195*]| 55 4/12/88 1 26 ] 0.19 34 731 013 97 |5.6 14
DE198’ 29 8/25/88 12 14 § 0.023 3.1 7.2 0.06 8.3 |45 15
o Maryland Geological Survey Water Resources Basic Data Report No. 7
3 USGS Water Resources Data Maryland and Delware Water Year 1987 Report MD-DE-87-1
3 USGS Water Resources Data Maryland and Delware Water Year 1988 Report '4D-DE-88-1
- No Data
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Figure 42. Location of ground-water wells used for background wator quality (Nutter and Smigaj,

1975).
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Chloride values of 37,900 ug/L and 45,600 ug/L (sample rounds 2 and 3, respectively) at

FTA-M9 were the only values to exceed the general range of background values of 3,700 to 26,000
ug/L. The chloride values at FTA-M9 are similar to the maximum values of 34,000 to €3,000 ug/L
reported in 3 of the background wells. The SMCL guideline of 250,000 ug/L was not exceeded at
the AFTA.

The values for iron ranged from 68.2 to 1,190 ug/L and 39 to 68,800 ug/L in sample rounds
2 and 3, respectiveiy. Wells FTA-M6 and 1040 (969 ug/l and 1190 ug/L, respectively) were the only
wells in round 2 to exceed the general background range of 6 to 730 ug/L.. Eight wells with values
ranging from 2,700 to 68,800 ug/L exceeded the general background range in round 3. The
cencentration of iron in wells FTA-M7, -MS, -M9, -M10, -M!1 and -M12 increased 2 orders of
magnitude from sampling round 2 to round 3. The SMCL guideline of 300 ug/L was exceeded in 8
wells in both round 2 and 3. Well DE190 (730 ug/L) was the only background well included in the
general range background values to exceed the SMCL.

The general range of background values for potassium is 800 ta 2,200 ug/L with maximum
values ranging from 2,700 to 4,000 ug/L in 4 background wells. Wells FTA-M4 (4480 ug/L) and
-M5 (4480 ug/L) exceeded the general range of background values in sampie round 2. Wells
FTA-M4, FTA-M9 and 1040 (6750 ug/L., 3150 ug/L and 3340 ug/L, respectively) exceeded the
general range in round 3. There is no MCL or SMCL for potassium.

The general range of background values for mangaaese is 20 to 260 ug/L with maximum
values of 2,400 and 4,900 ug/L at 2 wells. Well FTA-MT7 (416 ug/L) was the only well to exceed
the general range of background values in round 2. Wells FTA-M7 thru -M12 exceeded the general
range of values with values ranging from 274 1o 1360 ug/L. The mangarese concentrations at wells
FTA-M7, FTA-M8, FTA-MI10 and FTA-M12 increased an order of magnitude from sampling round
2to round 3. The SMCL of 50 ug/L was exceeded in 9 wells in sampling round 2 and 11 times in
round 3. Eight of the 10 wells used to establish background values exceeded the SMCL with values
exceeding the SMCL ranging from 50 to 4900 ug/L.

The pH values at the AFTA (4.52 to 6.6) arc within the general range of background values
of 4.5 to 6.3. The only well at the AFTA that fell within the SMCL pH guidelines of 6.5 to 8.5 was
well 1041 with a pH of 6.6 in sample round 2.

The temperature in the background wells ranged from 12° C in the late winter-early spring to
15° C in the summer. The temperatures in the AFTA wells ranged from 11.2t0 14.3°C, 11.5to0
18.4°C, and 17.6 to 24.9° C in sampling rounds 1, 2 and, 3 respectively.
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Parameters ™ .ceeding MCL's
During the 3 sample rounds at the AFTA, the following 8 parameters (Table 13) exceeded an
established MCL value :

cadmium tetrachloroethene bis(2-ethylhexyl)nhthalate
lead trichloroethene 1,2-dichloroethane.
nickel 1, 1-dichloroethene

Cadmium was d=tected at 30 ug/L in sample round 3 at well FTA-M12. Well FTA-M12 is
an up-gradient well at the AFTA. Cac 1iura was not found above the detection limit of 5 ug/L in any
other well in sample rounds 1, 2 or 3.

Lead above the proposed MCL guideline of § ug/L was tornd in well 1041 (79.2 ug/L) in
sample round 1, and wells FTA-M2 (46 ug/L), FTA-M7 (32 ug/L) and 1041 (57 ug/L) in round 3.
Well 1041 was the only well to exceed the MCL guideline of 50 ug/L which existed when the
samples were analyzed. Lead was not found above the detection limit of 30 ug/L, 20 ug/L and 20
ug/L in any other weils in sampling rounds !, 2 or 3, respectively.

Nickel exceeded the MCL guideline value of 100 ug/L in sarole round 1 at well FTA-M6
(144 ug/L). Nickel ranging from 15.8 to 68 ug/L was detected in at least 1 of the 3 sample rounds in
9 of the 13 wells sampled at the AFTA. Nickel was also detected in sample rounds 2 and 3 (68 ug/L
and 41 ug/L, respectively) at well FTA-M6. Wells FTA-M7 and -MY were the oniy other wells
where nickel was detected in all 3 sample rounds.

Bis(2-ethylhexyl)phthalate, ranging from 21 to 58 ug/L, was found in 7 samples in round 1.
There were no samples above the detection limit in rounds 2 or 3. Bis(2-ethylthexyl)phthalate is a
solvent used in laboratories. Bis(2-cthythexyl)phthalate was detectad in the lab blank at 21 ug/L and
is considered to be a lab contaminant in the samples from sample round 1.

Tetrachloroethene was found in wells FTA-M7 (11.7 ug/L, 44 ug/L and 10.2 ug/L) and FTA-
MR8 (14.5 ug/L, 16.8 ug/L and 6.7 ug/L) in sample rounds 1, 2 and 3, respectively. The MCL
guideline of 5 ug/L was cxceeded at wells FTA-M7 and FTA-MS in all 3 sample rounds,
Tetrachloroethene was not found in any other well.

Trichloroethene was found in wells FTA-M6, -M7, -M8 and -M9 in sample rounds 1, 2 and

3. The concentraticns are listed below in ug/L :

WELL ROUND ! ROUND 2 ROUND 3
FTA-M6 223 70 162
FTA-M7 87.5 219 62.2
FTA-M8 175 21.8 86.8
FTA-M9 17.7 13.5 12
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The MCL guideline of 5 ug/L was exceeded in wells FTA-M6 thru -M9 in all 3 sample rounds.
Trichloroethene was not detected in any other wells.

1,1-Dichloroethene was detected at or above the MCL guideline of 7 ug/l in wells FTA-M6, -
M7 and -M8. 1,1-Dichloroethene was detected in wells FTA-M6 and -M8 at 6 ug/L and 7.5 ug/L,
respectively, during sample rourd 1. Wells FTA-M7 and -M8 had concentrations of 31.6 ug/L and
8.6 ug/L, respectively, in sample round 2. Well FTA-M7 had 6.9 ug/L in sample round 3.

1,1-Dichloroethane was detected only at well FTA-M8 in sample rounds 2 (8.8 ug/L) and 3
(6.4 ug/L). Both values exceed the MCL guideline of 5 ug/L.

Summary of Chemical Data

Summary of surface water chemistry
Cadmium, lead, methylene chloride, and benzene exceeded the MCL guidelines in all 4

surface water samples at the AFTA. Chromium, copper, lead, silver, and zinc exceeded the fresh
and/or marine water quality criteria in all 4 surface water samples. Cadmium exceeded the fresh
water quality criteria in samples FTASB2 (Berm 2) and FTASB3 (Berm 3). Total DDT did not
exceed 1000 ug/L, but did exceed the fresh and marine water quality criteria in samples FTASB3
(Berm 3), FTASB3SP (separation pond) and FTASB3OF (outfall). Endosulfan II exceeded the fresh
and marine water quality criteria in sample FTASB3 (Berm 3).

Oil and grease were detected in sample FTASB2 and FTASB3 at 34,763,000 ug/L and
11,596,000 ug/L, respectively. Toluene, T-xylene, phenanthrene, and 2-methylnaphthalene are other
fuel components detected in some or all of the samples.

mmary of soil gas dat

The target compounds benzene (upto 6850 ug/L), toluene (upto 7550 ug/L) and O-xylene
(upto 850 ug/L) were detected at the AFTA. Many of the chromatograms that identified the target
compounds had several early eluting peaks (unknowns) which is typical of a gasoline chromatogram
(USACE, 1989b).

Summary of soil sample data

Cadmium and lead were the only parameters to exceed the guidelines (Table 8) in 2 soil
samples from Berm 1. Tetrachloroethene was the only parameter to exceed a guideline in 4 sampies
from Berm 2. Low levels of phenanthrene, T-xylene, toluene, and ethylbenzene were detected in
some of the 4 samples from Berm 2. No guidelines were exceeded in 2 soil samples collected from
the drainage from Berm 2. No VOCs were detected in either of the samples from the drainage.

Lead, zinc, and tetrachioroethene exceeded the guidelines in 4 samples collected from Berm 3. VOCs
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and breakdown products from fuels were detected in samples FTAB33 and FTAB34 from Berm 3.
Lead was the only parameter exceeding a guideline in 2 samples from the separation pond. Acetone
were detected in both samples from the separation pond. VOCs were detected in the outfall sample,
but no parameter exceeded a guideline. Lead, DDT, and PCB-1248 exceeded the guideline in sample
FTAB3DD from the drainage pathway.

No guidelines were exceeded in any of the 3 samples from the Old Smoke House, however
organics were detected in the samples from inside and outside Old Smoke House. Sample FTASHI1
from outside the Old Smoke house contained most of the organics.

Lead, cadmium, mercury, silver, and PCB-1248 exceeded guidelines in the 2 samples from
the Fire Extinguisher Practice area. Endrin (0.083 mg/Kg) and aldrin (0.0009 mg/Kg) were in
sample FTAFEI.

Total DDT ranging from 0.0007 mg/Kg to 1.495 mg/Kg were detected in 18 of the 21 soil
samples from the AFTA. Sample FTAB3DD (1.495 mg/Kg) from the drainage between Berm 3 and
the separation pond was the only sample to exceed the 1 mg/Kg guideline tor LDT.

ummary of Groundwater Chemistr

The groundwater chemistry shows the AFTA is the source of the VOCs found in the ground-
water monitor wells at the AFTA. Tetrachloroethene, trichloroethene, 1,1-dichloroethene, and
1,2-dichloroethane were detected in monitor wells down-gradient of the AFTA in levels exceeding the
established MCLs for these parameters. 1,1, -trichloroethane with levels ranging from 5.8 to 119
ug/LL was also detected in the down-gradient monitor wells at the AFTA, but did not exceed the
established MCL of 200 ug/L. Toluene at 9.7 ug/L (well FTA-M7, sample round 3) was detected
only one time in 3 sample rounds, and did not exceed the established MCL of 1000 ug/L.

Cadmium, lead, and nickel were the only metals to exceed established MCLs. Cadmium was
detected only 1 time in well FTA-M12 (30 ug/L) which is an up-gradient well at the AFTA. Lead
was detected once in well FTA-2, which is an up-gradient well, once in well FTA-M7, which is
down-gradient of the training pits, and twice in well 1041, which is a water supply well located
approximately 1000 ft east or cross-gradient from the training pits. Nickel was detected above the
“ACL of 100 ug/L once in well FTA-M6 (144 ug/L). Nickel is the only metal that exceeded an MCL
that is commcnly found in many other wells at the AFTA. Nickel was found in the down-gradient

an up-gradient wells, including well 1041, at similar values, ranging from 17.8 to 68 ug/L.
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PART VIII: FINDINGS AND RECOMMENDATIONS

Findings

The investigation reported herein was completed in 1990 and this report, in draft form, was
reviewed by the APG and the EPA, Region III. Subsequent and ongoing field investigations have,
and will provide, additional data about the AFTA and will influence findings presented in this report.
Subsequent studies include an August, 1991 groundwater sampling round and current (1992) field
investigations in the AFTA and nearby western AA-APG boundary.

The water table aquifer at the AFTA is the Talbot Formation. Underlying the sands and
gravels of the Talbot Formation at the AFTA are the clays of the Arundel Formation. Groundwater
flcw beneath the AFTA is to the south year rouad.

Analysis of groundwater from the monitor wells indicate the AFTA is contributing chemical
contaminants to the upper aquifer. VOCs were the only contaminants found in the groundwater that
consistently exceeded established MCLs. VOCs exceeding an established MCL include:

Tetrachioroethene

Trichloroethene

1, 1dichloroethene
1,1-dichloroethane

Cadmium, lead, and nickel exceeded established MCL values in at least | well in the 3 sample
rounds. Cadmium was detected in only one sample from a2 monitor well up-gradient of the AFTA.
Lead was detected in 2 monitor wells, 1 time in each well, and twice in standby production well
1041, which is located cross-gradient from the AFTA. Nickel exceeded the MCL vajue | time but
was commonly found in most wells at the AFTA. Iron and manganese exceeded Secondary MCL
values.

Surface water samples from the bermed pits and the separation pond contained cadmium,
lead, methylene chloride, and benzene that exceeded MCL guidelines. The surface water samples
also contained chromium, copper, lead, silver and zinc that exceeded the fresh and/or marine water
quality criteria.

Surface soil samples show the following parameters exceeded guidelines at one or more of the

training areas at the AFTA

Cadmium Mercury PCB-1248
Lead Silver Tetrachloroethene
Zinc DDT

VOCs, pesticides, and fuels at levels below guidelines were detected.
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Recommendations

The following additional field investigations are recommended.

Soil sampling to define the horizontal and vertical extent of soil contamination at the
AFTA.

Install monitor wells to define the horizontal and vertical extent of the groundwater
contamination from the AFTA.

Monitor wells should be instalied between the AFTA and the Harford County
production wells along the western AA-APG boundary so chemical characteristics of
the groundwater between the AFTA and Harford County wells can be monitored.
Water levels in the monitor wells at the AFTA and any adjacent areas should be
measured quarterly to monitor groundwater gradients.

The AFTA monitor weils, to include welis 1040 and 1041, and the monitor wells
between the Harford county production wells and the AFTA should be sampled and
analyses conducted for :

- EPA Region Il Target Compound List (TCL)
- general water quality parameters

- oil and grease

- total recoverable hydrocarbons

- metals.

Three quarterly rounds of data should be collected.
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APPENDIX A

AERTAL PHOTOGRAPHS OF THE AFTA
1952 THRU 1989




W«&m»m‘uwdm

%pmu.lps LANanu.?

N b v o e
e b a i e w wid ESNE  stol

FHCHAET SVILLE LANDFILL

1989 aerial photograph (NAPP 19-79, taken 4-20-89) of the northern area of the Aberdeen
Area Aberdeen Proving Ground (see Figure 8 in the repoat). The boxed-in area, which
includes the AFTA, and parts of Phillips Ficld and Phiitips Landfill, is the general area
shown in the aerial photographs on pages O-2 thru O-8.

A-l




Aerial photograph ANK-3K-67 (July 12, 1952) : Barracks built during World War Il
occupy the AFTA. OId aircraft were being stored northwest of the AFTA (barracks area).
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March 10, 1956 : Barracks built during World War Il occupy the AFTA. Old aircraft
and other materials were being stored northwest of the AFTA (barracks area).
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Aerial photograph ANK-3T-76 (August 28, 1957) : The barracks (2 huildings) on the
western and eastern sides have been removed. The area northwest of the AFTA
(barracks area) was being used to store old aircraft,
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Acrial photograph ANK-5DD-59 (June 10, 1964) : All the barracks have been
rernoved. There is a "pond like" feature (just west of the aircraft) at the location of
the AFTA Separation Pond.




Aerial photograph 24025 280-36 (July 6, 1980) : The AFTA site was being used as a
fire training area.
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Acrial photograph 581-177 HAP-80 (March 24, 1982) : The AFTA site was being used
as a fire training area.



Aerial photograph NAPP 19-79 (March 20, 1989) : As of March 1989, fire training
practices at the AFTA were stopped. See Figure 31 in the report for the location of training
areas at the AFTA.
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APPENDIX B

PHOTOS OF TRAINING AREAS AT THE AFTA
1989




Berm 2 containing the broken flange training area. Note in the
background the Old Smoke House and the pump house at the
Underground Storage Tank, to the left and right, respectively, of the
flange in Berm 2.




Berm 3 containing the military tank. Phillips Army Airfield is in
the background.

Separation pond behind Berm 3.
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Old Fire Extinguisher Practice Area.

Underground Storage Tank area with the pump house in the
background. The standpipes for the underground storage tank can
be seen in the graveled arca in front of the pump house.
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Old Smoke House with the Separation Pond (located behind Berm 3)
in the foreground.
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APPENDIX C
AFTA BORING LOGS

GROUND-WATER MONITOR WELLS FTA-M1 THRU FTA-M12
AND SOIL BORINGS FTA-Bl1 THRU FTA-B3



s s - | AFTAMI

Hole No. AFTA-MI
CIED TRETALLATION WEET )
DRILLING LOG ] ARG or 2 sWeEY
V. PRCIECT 10. MLE ARD YYOL OF BT
B W By |

Fire Training Area -

. LOCATION (Comdinames or Siasion)

x14777 v63613 11 MAMUFACTURER'S OESIGRATION OF ORILL
3 ORILLING AGENCY Fatling 1508 (Mud Rotary)

WES 135, TOYAL NG. OF OVENR- NSTUREKO | umcisTuRBED
& WOLE 40. (A:‘u-- - droming tiile] SURDEN SAuPLES TAREN l H

& MAME OF DRILLER
Konecny

14. TOY AL KUNGER COAE BOXES

15 RLEVATION GAQUNMD WATER

6. OIAECTION OF AOLE 6. OATE fevamtso COMPLEY KD
[Bremrican [Jincuingo o8, Fuew veaT. novLe | 10-4-89 10-5-89
17. ELEVATION TOP OF WOLE 58.63
7. THICANESS OF CVERSUADEN
9. TOTAL CORE RECOVIRY FOR MORING .
[ OEPTH ORILLED iMTO AOCK . BONATUAL OF INSPECTOR
8. TOvAL DEPYM OF HOLE 31.8 Peul Tucas
CLASBIFICATION OF WATERALS 3 CORE [eCK o REMARKS
blv:ﬂﬂ ou:v- LEQEND, (D«.‘_a-d .tlca%v. u:';l.l (Du‘l“:‘:;:.;'mﬁ-.u
< [ ]
- Silt Clayey —
| R— —
- -
2 3 —
3 [~
3 — all
3 -
— -
- —
4 — [
S 3 X .
3 ! =
—_ ; e
6 j Clay % increases —
3 -
7 - Gravel appears S
p= Sand I increases -
— . [-
——y 1 e
8 =3 ey
9 — ull
10 = (.
3 Sand M~C, Silty, -
- Trace of Clay -
11 -l e
12 3 —
13 — —
= Sand M-C Well Rounded -
3 (Clean) =
16 =g -
- el
- Sandy Clay -
15 =] [~
3 Clay Sandy Silt -
16— E_
i i Bt -
pn Sand, Clay, Trace of Silt, F:
17 = Gravel b
-~ -
18— [
3 -
19 —] o
0 3 \ {Cont) I~
ENG FORM 1834  pagvious (ot Tions ane ossoLare. Frowct ]”c"" wo.

wanm 71




OIviLiOn WSTALLATION mezT )
DRILLING LOG oF 2 IHEETS
3. PROJECT 0. SIZE AND TYPE OF BIY
[ COCATION (Comumarce or Statiand
12. MAKUFACTURER'S OESIGHATION OF DAILL
3 DRILLING AGENCY i
13. TOTAL %O OF OVEM- josYumeco | unoisTURSKD
4. KOLE NO. (Ax showmn en erasemg (itfel SURDEN SAMPLES TAKEN | H
ard 119 msmd ad ¢ AFTAMI . .
- £
A€ OF BRICCER 14. TOTAL NUMSER CONE BOXES
15. ELEVATION GROUNO WATER
CHRECTION OF HOLE STARTED 1COMPLETED
¢ OmecTio 6. DATE #OLT ! H
Cvearicae {Tinclineo DS, FROM VEAT. l .
17. ELEVATION TO® OF NOLE 58.63
7. THICKMESS OF OVE~SUROEN
16. TOTAL CORE RECOVERY FOM BORING LY
8. OLPTH OMILLED IWYO ROCK 19, GWATUKE OF INSPECTOR
[8. YOTAL DEPTH OF wOLE 31.8
3 ConE |mcx om REWARKS
eLgvation| oerTu [Lecen A O ST ATERALS RECOVe [SAMPLE|  (Dedtiing thowe, wies koa, dogth of
v RY "o, wnadoring, i, i siguiicans
< 3 « 4> - [] P
o -
- (Coat) -
— .
21 —d [~
- -
- -~
- -
- [
227 . —
— -
- -
d .
23] -
-~ }—
- -
-y =
- -
-t -
—— o
D s
25 = -
- -
- —
- -
26 —d .
s -
- [
- -
= -
27 — e
- -
= -
-y -
—y -
p— b
28 — "=
- e
— -
- =
- -
29 = -
j Sand, F-M, well rounded -
3 to subangular, silt, —
30 —1 gravel (1/4° to 1-1/27) —
- -
p -
- -
— -
— [
31 3 -
- -
- [
-
—
32— Bottom of hole =
— pows
= J1.8 -
b P
— e
- -
- —
- -
- p—r
— o
-4 oo
- —
- —
- -
— [
-y e
- -
- -
- -
— [
- -
- -
-1 -
- —
— -
- -
e -
=3 -
< -
— -
han e
- auadt
- ll
- o
3 -
- e
ENG FORM

MAR 7Y

1836 sacvious £oiTIons ARG OBSOLETE.

C2

PROJECT HOLK MO,
1




Helo No. apTa-M2

TAvition INSTALLATION LT
DRILLING LOG l APE oF 2 SHELTS
[T FRoICeT W. HIE AND YYPE OF BIY
Fire Training Area [FTBXY e -
3. LOCATION (Cosrdmaces o Station)
x14442 v63998 12, MAWUFACTUMER'S CLSIGRATION OF ORILL
3 ORILLING AGENCY Failing 1500 (Mud Rorary) .
18. TOTAL 8O CF OVEM- [oreruasgo jwnotsTun ugo
4. MOLE NO. (As shown en o aweing e BUROER LAMSPL LS YAREN | B
ond e cnand = 4 Anmz -
o WAME OF ORILLER 14, TOTAL NUMSER COAL SOXES
KO“(‘C"V 6 ELEVATION GAOUKD WATES
'y O‘-(C;loﬂ OF #OLE 6. GATE WOLE ‘I' ARYT KO !(0“’\.'1 -
@veavican [JincLineo ote. raom vear. | . | 11-15-89 i 11-20-89
7. ELEVATION TOP OF “OLE 54.89
7. THICKNEES OF OVERBUADENR
18, YOV AL CHRE RECOVEIRY FOA SGOAING A )
ls. DEATH ORILLED INTO ADCK SCeA oA T ST NRECTOR
9. TOTAL DEPYH OF HOLE 27.5 Paul lucas
CLEVATION| OEPTH [LEGEND CL‘“”'C(‘D“"O".nu"u“u :(CCOO-\: :f:’?..l_ (Drating ...:‘::‘n‘.“, domA of
he [<34 ~O. alhrring, sia, i signiticant)
« » . ' . ) o
- Silty clayey o
- Brown to tan -
1 — Sand increases with depth ol
3 -
2 — —
- -
373 —
4 — -
- 5ilt, sandy F-M, clay, ;
. trace of gravel -
S —:: ——
- -
b -
6 — Sand I increasing with deptlf —
3 Sand F-M~C poorly sorted -
7 — silt, coarsening upward witH —
— depth (sharp contsct) -
8 — il
— jand, silty, some saall -
= gravel stringers, fairly -
9 - sorted well rounded to e
5 rounded F -~ M -
o §i3hi 520, Fopslayey, clay =
3 Sand F~M-C, poorly sorted -l
- iron staining silty gravel -
11 ? X increases with depth e
Gravel stringer 10.3 -
3 12.4 =
12 == —
pm [~
B -
13 —§ —
- [
14 = [
= Sand, well sorted, little of -
- no silt, no gravel, gray, -~
15 —-: subangular to well rounded }——
- sand size decreases fros -
. mved{un to fine -~
16— .
- -
b -
17 — .
- -
3 -
8 — -
e S AR -
o Silt, sand % increasing -
9 -— —
0 NELL A S R — . -
ENG FORM 1§34 pagvious €oiTions ane aesoLtTe. FrosecT |rove ne

C3




Hole Mo, AFTA-M2

oo eodeabdios o b b bedbypo bbb b bl by

L

27.5

IMSVALLATION WAET
DRILLING LOGC oF 2 sueLTs
b PRoJicT 0. 11T ANO TYPE OF BIT
] - T
T LOCATICH (Cosrdraios or Jiation)
12, MAMUFACTURER'S DESIGNATION OF DRILL
3 DAILLING AGENCY
15. TOTAL NO. OF OVER- ISTUASKO 1 UNGCIATURABED
4. MOLE MO, (Ae aheun en drawing titlel BURDEN SANMPLES TAKEN l i
Fla mant wd ” .
T T SRR AFTAMZ 14 TOT AL HUMBER CORE BOXES
15, LLEVATION GROUND WATER
6. OIAECTION OF NOLE jeTamrcO {comPLATRD
14, DAYE NOLE ¢
Clvamvicar [Jincuimgo ___________ 0€6. FROW VERT. i
i7. CLEVATION TO® OF MOLE  54.89
7. THICXNESS OF OVERGUADEN
18, TOT AL CORZ RECOVERY FOR SORING L)
o. DEPTH GRILLED INTO ROCK S RONSTURT OF nsPTCTOR
0. TOTAL OEPTH OF WOLK 27.5
1 CORE f8OX OR REMARKS
tLevation| oeeve |Lesewo! A g A T ERIALS RECOV {LAUPLE|  (Drating '“(—:4'4‘“" doph ot
. . - )
. 3 < é s ¢ “l'
pi) Sand, -M, re (loat)
staining and Fe bands, silty
grayish-pink silt % decreaseg
21 w/depth
22 Black organics v/Fe staining
23
24
25
26
27 .
28 Bottom of hole

””]HHPIHIHII]Hl»lIIHllllrﬂlll]””“lll[l”rﬂl”‘xﬂ”l”f[!IHITIH[IHI'Hﬂl”ll[rlll

ENG FORM 1834

wem %y

PREVIONS TOIT10NY AAR OBTQA ETE

PROJECT

] NOLE HQ




B P shS oo o

ST ALLATION wrer 1
A°C oF 2 sHEETS
W SHEE AMD TYPE OF @Y

x14213  y63530 TZ MANGFACTURER'S GESIGNATION OF ORILL
T ORILLING AGERCY ratling 1500 (Mud Rotary)

SANMPLES TAR 3

o 1 YOYAL 1.O. OF OVER- ETURSLO {unoisTuasgo
LN o« H

1

(6 HOLE NO. (Ae shwan v drowing tide|
ond Bie commibed)

: AFTMS " VYOV aL ConE SOXES

[ Wau€ oF omicLin

Xonecny
6. DIRECTION OF WOLE SYARTUD 1COmMPLET SO

N CLEVATION GAGUND wATER

(Dvemricar JimcLmeo 048, PO vENTY, - DaTE moLe 10-06-89 : 10-08-89
7. ELEVATION TOF OF HWOLE 57 . 33

7. THICKNESS OF OVERSUADEM

W. TOVAL CORE AECOVERY FOR SORING .
. OXPTH ORILLED WTO ROCK W HGGATURE OF (NSFECTOW
o. ToTAL OEFTH OF wOLE 95 .0 Paul Lucas
1 cone |sox on nemans
gLavavion| oeere {Leaens ““‘"w‘“'“ PECOV- [SAMPLE]  (Dvotang thmn, waier iose, dopch of
R B Ty -‘O. enahoning, o, i sigmiiesnt
- o L ]

Silt Clayey

(3
lJllllllllllllll“lllllll

4 Clay I increasing
5 —

— Clayey
6 ——

Silty Clayey

Sand, F-M, well rounded,
well sorted, clayey, gravel

-3

(-
Ilmlunhmhm

[
-

Hllhlll

1”‘””]””]””'l”l'”ll]lHll”ﬂ]ﬂ1TllIHllIH]IHI]]IH[HHIHHIHTI!llITIIHIFIHIITII

12
—
1>
1
-
l —
o Sand silt and clay I {uczease,
16 no gravel
-
17
-
-
-
—
18-—
—
-
19‘—]
3
-
20 (Cont)
u‘-‘;‘:??“ulb PREVIOUS E0ITIONE /RS OBIOLETH. rRosecr WOLE NO.
{TRANSLUCENTY

C-5



Nels K.

Crvision TMITALLA TVOW TAREY D
DRILLING LOG ov 7 sHeLTs
. PROJECT 6. SIZE AND TYPL OF BIT
B -
m“ivﬁ' (Ceardirases or $aion)
TL MANUFACTUREN § DESIGNATION OF DRILL
T OAILLING AGENCY
— 15. TOTAL NHO. OF OVEAR- T UmSKO TwsosTuneso
J& HOUT 0. (4e choum an drow wg sitte] BUROEN SAMPLES TAKEN H
P H H
AFTAM3
r——._ SARE OF CRLLER 14 TOTAL NUMBER COAE BOXES
18 ELEVATION GROUND WATER
6. OIRECTION OF roLl STARY SO |comrLaTED
5. OATE mOLE H
COvearica [Jimcumeo — OCE. FROM YRR Y. H
17. ELEVATION TOP OF WOLE 57.33
7. THICKHESS OF OVERBUAOEN
19. TOT AL CORE RECOVERY FOR SORING %
0. OEPY1 ORILLED WTO ROCK ~y TORE OF MiPECToR
9. TOTAL OEPTH OF wOLE 25.0
s cont Jeox on REMAAKS
gvarion| parre CLASKHPICATION OF MATERIALS RECOV [SAMPLE|  (Dvaiiing come, wasor iwos, dapth of
(Dovariptsan) 14 s Weatheriag, ote., # cigniiinand
. » « 4 . 1 g
= (Cont) -
- (No change) -
- -
21 .
p= -
- [~
. =
- -
2— e
2 - -
- -
s -
— -
23— [
= -
—4 —
- b
- -
24— -_
— -
- -
= -
25 —
- Bottom of hole -
3 25.5 =
2 Gt b
4 -
- -
p -~
— |-
— -
- =
— [
e
= =l
— -y
—y e
-t -
— e
o— —
— b
— -
- -
— -
— .
= -
- -
- -
— aud
= .
— -
- -
-4 -
— o
p— S,
— -
— aad
- p
- -
—— -
- -
— =
— -
- -
—— —
- —
— b—
— -
— e
pu— .
— -
- -
- -
-4 -
— b
— ol
. -
- -
——— :—
— [
- -
- —
- poe
— e
- -
- —
— —
— fre
- —
R | -
- -
-~ -
. N
n‘f‘:?'.“ 18346 rrevious i nons ang cesoLeTE. vecy ]"°"‘ no.

(TRANSLUCEN™,;

C-6




Hele No. AFTA-M4
AVISION TTOoN weLT |
DRILLING LOG l APE of 7 sHEETS
T PRGIECT 1. $ITE ANO TYRE OF %17
Fire Training Area WD -
[ COCATION (Convtnaioe o $tarian)
x142230 v63517 "L MANUFAGCTUNERN B DESIGNATION OF ORILL
3 OAILLING AGENCY Fa".ing lson (Hud ROtafY) .
T TOTAL MO. OF OVER- MATUNSED ‘ UMOIITURBED
& MOLE NO. (As atmen en &rewing mloll SURCER LAMPLES TAKEN H
anet flle rmanos)
% NAME OF ORILLER . AFTAMS LRI come soxel
Konecny 16 ELEVATION GROUND WATEA
4. OIAECTION OF HOLE jsTanTEO | comwrLaTRD
. DATE wOLE H
(@venvicar [JincLineo 0€e. PHOM vERT. | 106/09/39 P 10/13/89
7. ELEVATION TOP OF wOLE 57 |§
. THICKMESS OF OVERABURDLN
e f6. TATAL COAL RECOVERY FOR SOAING )
o. bePTH ORILLED INTO ROCK y ATCRE OF RIPECTOR -
8. TOTAL SMPTw O wOLE 30.6 Paul lucag
CLASSIFICATION OF MAT ERIALS 1cont |eox on REMARKS
CLEVATION] DEPTH (LEaEw RECOW |sAMpeE| (Dvat )
Dowartptimd Wy - no. b Krnero v
. b L3 d . [] P
-y Silty clayey -
= brown to tan -
— [ I
1 I !
p - |
- - |
— s I
2 — —
3 -
3 ol |
3 -
4 - - }
pu— [ e
p= -
— -
- -
5 -] il i
i
6 — ol
- o
—— aand
[~
7 - Silt, trace of sand |—
P trace of gravel -
- -
8 il
- -
9 — —
- foae
—~ [~
p= —
lO*: sand, F-# —
-y -~
p= -
- s
11== Silty, gravel —
= -
—t —
1273 =
- e
- -
= -
133 -
-1 rame
14 — —
]
— -
- aand
15— e
- e
-l -
16 — —
17 — e
- -
3 o
- =
] ———————————————— S p—
8 3 Sand, F-M, —
p very silty -
19 — dry -
—t -
3 -
20 - (Cont) - -
ENG FORM 1836 pugvious €oiTions ang oes0LETS. FRostcy l"°“ o

MAA T




Hole Mo.  AFTA-M4

vion IV ALLATION SMEET 2
DRILLING LOG ] APG oF 2 sWeeTs
bwRoIteT 0. UIE AND YYOg OF 83T
e 1 -
[ COCATION (Comdinaios or Staiand
11, MANMUFACTURER S DLSIGNATION OF OmILL
3 OMILLING AQENCY .
15. TOYAL MO, OF OVER. Ciatumeco JvuwoisTunseo
4 HOLE MO, (Ae sromm an wramwing tiife| SUROEM SAWPLES TAXEN I H
ot Bl mant o } A ETAML
T TTRTAT TRV 14. TOTAL MUMBER CORE SOXLS
Xonecny T ELEVATION GROUND WATER
N T LTI 3 4T amTRO | COommLLTEOD
¢ DIRECTION OF W ‘6. DATE < l !
Clveavicar iwcumeo . 0€8. FROW vEAT, :
17. CLEVATION TOP OF WOLE 57.18
7. THICKNESS OF OVERBURDOEN
te. TOTAL CORE RECOVERY FOR BORING L3
fo. DEPTH DRILLED INTO ROCK T IGRATURE OF TNEPECTOR
9. ToTAL DCPTM OF WOLE 39.6
CLASHZICATION OF WATERIALS 3 Cont |BOK On REMANKS
CLEVATION]| DEPTH |LEQENO RECOV- (BAMPCE|  (Drating tima, watar lnss, dopih of
(Desartpuiant Y wo. fielier I rnora Pty
* b o d* o [] K)
0 4 {Cont) sand -
and -
- -~
p- -
21— —
- -
p- o
- =
22 —
d -
- -
w— o
p— -
23 -~ -
- -
.
3 -
24— o
p- -
- -
-y =
nd
25 =7 -
= e
b -
B o
—— o
26 - -
—t o
-~ -
27 —3 -
— Sand, silty, M~C -
o gravel -
- -
— fosasm
28 — =
p e
- o
- -
29 —— e
b | o
-
-
e
- .
30 = [
- Bottom of hole f~
—— mad
1n — 30.6 -
= "
- e
= e
po— .
b frase
e -
- .l
- -
——l
- -
- [~
- poves
—— frussatn.
- =
- o
e —d
- o
g —
- -
-~ =
- ——
- —
———— ———
e —
- -
-4 aad
e | Pocse
o [
-t -
- —
- -
-~ -
—
- aad
- -
- —
- —al
—— amamnd
- =
- pre
-
o
RO, T B
EN:::??“ 1836 emevious torTions ane 08s0LLTE. €< ]"m" e




Hole Mo,  AFTA-M5
IV ISION AT AL L. T SHEET |
DRILLING LOG l APC oF 2 SHeETS
V. PROIECT 0. $ZE AND TYPE OF MY
Fire Training Area " -
[, COCATION (Conrdinates os Stasiany
14445 9651219 T2, MANUF ACTURER 5 DESIGNATION OF ORILL
37ORILLING AGENCY Fatling 1500 (Mud Sorary) .
13, TOTAL MO OF QVER- HeTUABKD UM STURSLD
4. HOLE NO. (Ae shewn un eraming ritlel BURDEN SAMPLES TAKEN
and file raambod i AFTAMS
S HANE OF BATCLER = 14, TOTAL NUMBREA CONE BOXES
16, ELEVATION GROUND WATEA
Konecny {#YAmT €O {COMPLETRD
4. OIREC M1OM OF WOLE
4. OATE nOLE N
[RIvenvicar (D)INCLINED o DLE. FAOMW VERT. { 10/25/89 1 10/27/89
17. SLEVATION TOP OF WOLE 61.26
7. THICKNESS OF OVERBUROEN
18. TOTAL COREZ RECOVERY FOR SORING *
8. OLPTH ORILLED INTO AOCK 9. HGONATURE OF (NSPECTOR
9. TOTAL DEPTH OF HOLK 34.8 Paul Lucas
CLABSIFICATION OF MATCRIALL 1 CORC [sOX On REMAAKS
fLevaTion| ogeTw [Leaeno| AECOv- {samsie| (Dear o A
oK & (M\H Ry nO. m’ “:::'.:‘...M .7&:‘.25-;"
[ ) < 4 . { v
= silt, clay, little or no -
- sand -
1 _.: tan [
- -
3 -
2 — e
3 -
“J o
3 —"_4 -
- -
g an
4 = —
—: E_
-
s -
— Silt, sandy M-C e
3 little gravel -
6 —] clay dark gray ngs
= brown oy
[~
7 -é —
- E
—
s —
-
— and
- -
- -
—
- —
10— —
— —
[~
11— Sand, F-M =
- silt =
- gravel -
12 —] unconsolidated il
- dark gray brown -
— organics -
ot -
13 —
3 =
= -~
- -
14 = —
— —
— o
n—y —
-y pome
15— Same as above with clay vy
-~ nodules b~
- -
-
16 — Sand F-M-C -
» silt E
. j unconsoljdated
7 dark brown organics [
| pom
b el
= [
18 ™3 —
et -
— pom
| nd
19 = Gravel 1 increases -
— o=
- —
20 (Cont) o
E".ﬁ:??“ 1836 smevious o1Tions ang oesoLETE. FRosecT Imn.l: "G
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NeIw e, AL LA

DIVISIOn ST ALLATION SNEET 2
DRILLING LOG APG o 7 SHEETS
1. PRAJECT 10. HIT ANO TYPL OF BT
AN . -
. L T [ inates o Station)
12, MANUFACTUREN'S DESIGNATION OF OALLL
3. ORILLING AGENCY .
15, TOYAL HO. OF OVERN- ID'"W.(D l VNI YURBED
4. HOLE HO. (Ae showun on drewing "“': BURDEN SAMPLES TAKEN ‘:
e manbed i AFTAMS
© NAME OF ORILLER 14. TOYAL NUMEGER CORE BOXES
15 ELEVATION GROUND WATER
6. QIRECTION OF HOLK ITARTYED | COMPLETED
16. DAYE NOLE H
DOveaticar [TMCLINKED o OU6. FROW VEATY. <
17. eLEvATION TOP OF woLt  61.26
7. THICKNESS OF OVEABUAOEN
18. TOT AL CORE RECOVERY FOR BORING L3
8- CEPTH ORILLED WTO ROCK . HGNATURE OF INSPECTOR
s. ToTaL oEPTH Or woLe 34.3
CLASHPICATION OF MATERIALS Jcone leox on NEWARKS
LLEVATION| DEPTH |LEGENOD RECOVe [3AUPLE]  (Dritting (awa woter inca, dooth of
Dooartpsion Ry %9, pienior B il Aptpethrmmvel
[ 1] [ 4 s ¢ 1
e (Sand) (Cont) -
o =
2] el [
p -
= [~
-—* b
— -
22 — A
- —
- -
— =
23 [
: Same as above but -
= gravel X decreases [
2401 with depth —_
- -
25 —o [
- =
— -
26 i Sand F-M, silty color change [
- -—
3 from tan to dark brown -
gravel -
27 —_1 organics -
-3 e
— =
-
28 ——f .
b o
b s
b ad
-— -
29 mevd e
- -~
— —
-1 =
30 — f—
3] —— e
- [~
— -—
32 —of S
— [~
33 — -
| aad
et o
—y =
3% —3 -
e Sand, F-M, well rounded e
= oti¥ sorted, silty overall =
. ine ¥ increasing n
35 — .
- Bottom of hole i~
o 35.3 -
- -
- -
-t poae
— e
3 -
- -
b o
- =
— ..
- p—
= -
- -
EN:::??“ 1836 macvious cormions ane cesoLETE. project I"c’“ *o.
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Hole He. AFTA-M6

CIVIZIoN NSTALLATION WEXY
DRILLING LOG APG or 3  3HEETS
[T PRoIEET 9. H1E AND YYPME OF BT
Fire Training Area - s -
F\.ocamou (Cosrdinstes o¢ Staion)
1. WANGF ACTUREN' S DESIGNA TION OF DRILL
miCs ¥
3. OMILLING AGENC Failing 1300 (Mud Rotary)
WES 13, TOTAL MQ. OF OVER- | sTUmedD [UNOISTURABED
T NOLE NO. (As ahewn en draweng tife] SURDEN SAMPLES TAREN | :
et tile mmanbow t AFTAM6 - .
T TR TN L] ¥4, TOTAL NUMBER CONE BOXZS
Koneeny 15, ELEVATION GROUNO WATEZR
6. OIRECTION OF MOLE 1. DATE MOLE |y ARTYED JComMPLETEC
(D venvicaL (TiwcLineo _ oge. PROM vEART. 110722789 i 10/28/89
7. TLEVATION TOR OF MOLE 61.05
7. THICKNESS OF OVERBUADEN
S 1. TOTAL CORE RECOVERY FOR SORING )
6. DEPTH ORILLED T AOCK . HGHATURE OF TNEAECTOR
[9. TOYAL OZPYN OF HOLE 24 0 Paul Lucas
CLASSIFICATION OF MATERtA % CONE |BOX O REMAAKS
tevanion| oerre [Leaeno Doty T RS RECOYe {SAMPLE|  (Detiing time, water leas, domth of
v Y O, wnaitering, ele, il signiticans)
. b < d » [} 9
- Silty Clay -
C | -
- [
- [
1 - e
— [
o -
pn -
2 — e
o -
j -
- -
3 |
— el
: 2o
= -
4 —d W
— [
- [
— [~
- [~
5 —— .
— =
— -
- pussa
- -
[ gp— .
- —
3 -
py p— [
— -
- [
- -
8 — .
- -
-1 i
: b~
9 — ‘il
P e |
-1 —
10 ~— [
...
-
-
-
11 o .
-4 b
- e
— -
12 e
- -
- Sand F-M-C, silty, gravel, e
= poorly sorted t—
13— unconsolidated il
—
— -
- e
14—: _,._.
- B -
- [—
— -
15— [
- o
[~
- -
-
16—~ -
- -
n -
— -
17 —‘—'_4 -
- -
- -
- -
18 _—
— -
. -
|-
19 = T
20 1 {Cont) o
ENG FORM 1834  smevious cortions ane ossoLere. FRojeCT HOLE MO
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Hole M.  AFTA-M6

TAvision TRETALLATION HEET )
DRILLING LOG oF 2 SHeLTs
1. PRoeCT 10. 178 ANO YYPE OF SIT
L] -
rz. COCATION (Coardtrasss or Simian)
12. MAMUFACTURER'S DESIGMATION OF DRILL
3 ODRILLING AGENCY
13. YOTAL MO. OF OVER. D TUASEO I UNDHETUNBED
4. HOLE MO, (As sdenm an arawing (iclel WURDEN SAMPLES TAREN ‘ H
oot tile reams e § AFTAM6 .
"L‘IM! oF GRICLER 14. TOTAL RUMBER CORE SOXES
18. ELEVATION GROUND wATER
4. DIRECTION OF HOLE jsTARYEO jcomeLETROD
6. DATE WOLE H
Qveanicar (mcLineo ____________ O&8. FROmM VERY. [ H
17. ELEVATION TO# OF NOLE 61.05
7. THICKNESS OF OVERBURD LN
18. TOTAL COPE RECOVERY FOR BORING L
0. DLPTH OMLLED (MYO ROCK 9. HGNATURE OF INIPECTOR
5. TOTAL DEPTH OF wOLE 34.0
£ COne {aoX On AEMAR
tLavaTion] oertw |Legeno| CLASIPICATION OF WATUMALS RECOV. [siuele} (Drarey ti e loaa, douth od
Desarip "o, weathoring, s, i +ignitieand
. 13 < d . ¢ )
— (Cont) . -
3 Sand F-M~C, silty, gravelly, ~
-4 black organics -
- -
22— Sand F-M, well rounded [
b silty gravelly, well sorted =
— =
—
- —
= -
24— .
3 I
25 -
— —
- pore
26~ e
— -
- —
- [
- [
27— Silty I increasing .
- -
28— Cravel size increasing -
- —
- -
29— -
-
- -
- -
- =
—— —
30— -
—y pumsn
- gt
- e
313 =
- Sand P-M-C -
s silty -
-
32~ gravel large cobble foe
— o
p b
- aad
d -
3373 =
- e
- -
- aaad
=3 wa
~ Bottom of hole -
-
3 34.0 o
35 == -
—— =
— o
-~ e
— -
3 i
- [
-4 d
b | :
| e
— -
L ~
— ——
— -
- o
- -
PRO. .
E“:::??" 1836 racvious eoitions ane cescieTL secy HOLE ko
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Hele No. AFTA-M7
OAVISION ST ALLAYTION SNEET l
DRILLING LOG 1 APG lou 2 _SHELTS
\. ProJecT . 0. S AMO TYPE OF BIT
Fire Training Area v HOWN -
[T LOCATION (Comdiinates or Srationd
x]14808 y63342 1T WNAMUF ACTUNER'S OESIGNATION OF DRILL.
3. CAILLING AGENCY Failing 1500 (Mud Rotary)
UES 13, TOTAL NGO, OF OVEA- s YURS LD I UNDISTURBED
4. HOLE NO. (Ae snewn on dremesg titlel BUADEN SAMPLES TAREN H
ond tile mantest I AFTM7 -
T RARE OF ORICLER - te. TOTAL MUNSEN CORE GOXES
_Xonecny 15. ELEVATION GACUND WATER
8. OINECTION OF MOLE OATE HOLL BTARYED !coung(v(o
D vanTicaL (INCLINED e O€6. FAOM vERY. ‘e 11/25/89 i11/27/89
< PrrP 17, ELEVATION TOP OF HOLE 59.52
. tC KM v
L Mo oro b o 9. TOTAL CORE AECTVERY FOR SORING *
3. OCPTH ORILLED INTO AGCK 19. MGHATURE OF INEFECTON
9. TOTAL DEPTH OF WOLE 32.5 Paul Lucas
CLevaTion| oerYw |LEano A ey A T ERALS :.!:goo:vl- :Aoéza (Dettiing timva, mates fase, dvoch of
. » < d 3 [ ) “‘; i
- 511t, little clay, L-:
— l11ttle or no sand [
v o
- brown to tan il
e e
- -
B -
23 —
p -
3 - [
= -
— -
- -
4 = [~
- -
= Silt, sand I increasing -
5 —— IM-C, clayey [
- -
673 —
pu =
73 —
— and
8 =1 Sand, F-M-C, poorly sorted, o
= unconsolidated gravel, tan, —
b silt I increasing -
L —
= [~
10— Silt, sand F~M-C, poorly [
- gorted, unconsolidated, no [
- gravel, tight -
H— Sand, F-M-C, poorly sorted, -
pu unconsolidated -
3 =
13 Silt and gravel X increase -
4 lwith depth -
- [~
14—~ -
3 =
15— E-
16— --~Organic stain il
- [~
= =
18- -
n Black organics o~
19~ 8 -
— -l
20 (Cont) -
ENG FORM 18 34  pacviovs £0iTions ane omeoLeTe. FRGIECT l’“’"‘ wo-
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Hole No.  AFTA-M7

OIVIson NSTALLATION SHEET
DRILLING LOG or 2 sweevs
1. PROJECT . SLE AMD TYPE OF BIT
| LB -
oA TON (e aardimaten of Fiaso
12, MANUFACTUREN'S CESIGHATION OF DRILL
3 DRILLING AGENCY
13. TOTAL KO. OF GVER- HETURSED | UNOISTURSROD
4 HOLE NOQ. (Ae anvum on drewing “ll!i BURDEN SAMPLES TAKEN H
oval lile manhew ! AFTAM7
AT OF GRICER 14, TOTAL cone sOKLS
18, ELEVATION GROUNO WATER
€ DIRECTION GF HOLT lnuu:u TCOwPLETE0
4. DATE HOLE :
COvenvican Incuino o OR6. FROu VERT, i
17. ELEVATION YOP OF HOLE 59,52
7. THICKNESS OF OVERSUROEN
18. TOY AL CORE RECOVENY FOR BORING +
8. OLPTH ORILLED T ROCK 9. HOWATURE OF INSPECTOR
s. YOvAL DRPYH OF MOLE 12,5
CLASIPICATION OF MATRRIALS 1cong 1gox on REMARKS
eLevaTion] ogeTH |LEGENO] RECOV- {SAMPLE]  (Detiting tiee, wmies inse, dopth
Dosartption Y No. ptier B ondry Bl
. ) < 4> . { )
- (Cont) -
- -
— -
2] Sand, F-d, well sorted =
b vell rounded to subangular -
= 83ilt X decreases with depth, -
- [
22 yellow brown, no gravel -
p= -
p =
b -
2 3] [
— —
= —
pm -
- [
pye— f—
-4 |-
25— =
= sand, F-M-C, poorly sorted -
= silty, gravel, unconsolidated -
— e
26—md e
— —
- e
27 sand F-M, well rounded, [~
p= silt X increases [
= 00 gravel =
28— -
— d
— -y
— o
— pove
29—t b
- -
- Sand, F-M~C, poorly sorted, -
30— well rounded, little silc, =
- no gravel -
— -
b ot
-~ e
31— e
- -
— el
- -l
e ~~=Gravel appearance -
32— s
333 Bottom of hole -
3 32.5 ay
3 -
-
3] it
- —d
- pvaw
3 =3
- pe
- e
v —
| =1
- -
— -
~ -
— e
= =
- pn
b ree
EN_G‘:Q"“ 1334 wmevious tormions ane assoraTL. FRGJECY ]""“ no.

C-14




ENG FORM 18 34 paqvious toiTions ARE ostoLETS.
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Hole Mo. AFTA-M8
TIVIBION THITACLATION IHEET |
DRILLING LOG | AP oF 2 IWeeTs
1. PROJECT W, SUIE AND TYPE. OF Y
Fire Training Area . - Ly
LOCATION (Coudmaiss or Stattan)
x15018 v63395 12, MARUF ACTURER % CESIGNATION OF DATLL
3 DRILLING AGENCY Fafling 1500 (Mud Rotary)
WES 13, TOTAL NQ. OF OVER. eeaTURS KD TunoIsTURSLD
4. WOLE HO. (As emoum en wowwnd siiel BUNCEN SAMPLES YA“(N! H
and Hie mand. 1
i AFTAMS
m‘ OF ORILLER 14. TOTAL NUMGER CORE BOXES
¥onecny 15. ELEVATION GROUND WATER
6. DIMECTION OF HOL L 16, DATE HOLE ‘."A"’Iﬂ !COI’LIT(D
CRvenvicae (CJiNcLINED . 086. FROM VERT. v 112/1/89 i 12/3/89
17. ELEVATION TOP OF WOLE 59.39
7. THICKNESS OF OVERBURDEN
M. TOTAL CORE RECOVEAY FOR BORING *
8. OCPTH DRILLED 1MTO ROCK 8. HGNATURE OF INSPECTON
3, TOTAL OEPTN OF NOLE 32.5 Paul Lucas
LLEVAT | CLASSIFICATION OF WATERIALS 3 CORE 180X ot REMARKS
EvATioN oa:n LEGEND m,_:,_, Recov u:':!.l (Drdting tima, watos lasa. domth ol
. « N ® ]
- SIIt, clay ¥ decreasing -
- with depth ;
1 -~ brown to tan -
J— .
3 - .
= -
-~ [
— el
- [
[ pp— me
5 -] -
= "
[ R e
— -
- Gravel 1 increases -
; -
- Sand C, very silty, poorly —
3 sorted, tight, brick red, -l
8 - green gray clay nodules -~
- Fe etaining -
9 - -
3 -
10 3 . - ol
- Sand, r-M-C, silty, little -
= or no gravel [~
11 e Fe staiping, little or no -
= clay [
= Silt I increases with depth -
12__: Sand C, X increascs with [
po depth [~
- -
- j—
13—t [
o -
. -
14 .
- S$ilt, little or no sand, b
= little clay -
15 -] Sand F-¥~C, poorly sorted, -l
- gravel X increasing slightly -
— silt X increasing slightly [~
16— .
5 ------ l--511t lensa E
17 —d [
- =
- -
18 3 -
~ [
-1----- 4=-8Brick red clay nodules -
— -
19 - I~
- Si{lt, little or no sand, -
20 gravel, tight (Cont ) -
PROIECT HOLE HQ.




Hele No. AFTA-M8

DIVISION THSTALLATION sRELY 2
DRILLING LOG or 2 sweeTs
I PRoJECT W. SI1E AND TYPE OF 8.7
m?u‘mmﬂ'm_m—'—_—
[ITUGTATION (Cosrdimates or Stasian)
e
11. SANUFACTURER'S OESIGNATION OF ORILL
3 ORILLING AGENCY
13, TOTAL NO, OF OVER- s TURBLO Tusoesruneao
4. NOLE KO. (Ae armmn an sreweng ditie] SURDEN SAMPLES TARER l H
and Ble Sumbdast 1 AFTAMS .
| T TR TR N T 4 - 14, TOYAL NUMBER CORE BOXES
18. TLEVATION GROUND WATER
6. DIAECTION OF HOLE STARTEO 1 COMPLETHLO
18, OATE HOLE l H
Qvenricar Jincringo DEE. FROM VEATY. i
17. ELEVATION TOP OF wOLE 53,139
7. THICKMESS OF OV ERSUNOEN
- 18. TOTAL CORE RECOVENY FOR BORING 3
6. O€FTH O :ED WTO MOC 9. SIGHNATURE GF INSPECTOR
s. TovaL oEPYN OF woLE  32.5
CLASIIFICATION OF NATELRIALS 1 cone [sox on REMARKS
ELEVATION! O€rTH |LEaENO| RECOVe |SAMPLE
(Desaripiion) el e (Detlting tima, ::'o:‘l:o-. dagth ol
. » . 4 . (] 4
. Sand F-M-C, poorly sorted -
- silt, some gravel -
- —
2 et unconsolidated .
—— -
- [~
22— o
~dmeww—t——Gravel X increasing -
- -
23— .
- —
- pra=—
-1 e
26 ad
= Sand F-M, well sorted, -
29— well rounded, silty, gravel —
- unconsolidated o
= (25.5 black organic stain) E_
26‘—': -
2 P o
- pocs:
o}—-—t--§11t X increases -
-~ gravel X decreases -
28 e
- -
e Sand F-d, well sorted, silt -
29— uwo gravel, organic stains -
- 4
s s
3 ~Gravel 1 increases -
= d
ar— foe
= b
[
= v
-
373 —
— amd
= Bottom of hole -
33 32.5 -
- e
- =y
= -
s -
- -
~ -~
- -
= -
- s
——
- -
~ "
- =
.
-
! =
=
-
EN.G‘:Q'RM 1836 macvious eosrions ane oesoLere. FrOJECT }"°'~‘ *0.
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Nole Mo. AI'IA-MY

CIVision WA TALLATION WCET |
] DRILLING LOG APG oF 7 BHEETS
1. FROJECY . NIK NO TYPY OF 84T
Fire Training Area T BAYOU FOR TUEVKTTSR TROWR TYOW & 81y
[ETCTATION (Comdmaine o Jemia
- x15196 v63459 TL GANCFACTUREA S DESIGNATION OF DAILL
LY
T CRILLING AGENCY Falline 1520 (Mud Rotrarv)
- 1] <
4 HOUE KO, (Ae chown en drawing thrie] hod :3:3;:?&3:;01‘:17‘:“- r' runece } vrorsTuaseo
zowd Bl e sagm = I
i AFTAMS
* NANE OF DRILLER 1w TOTAL CORE BOXES
Xonecay \& CLEVATION GNOUNC WATER
6. DINECTION OF WOLE car BTARTED [CcommLEY RO
FIvearicar (Jincinineo ote. Fmow veay, | & OATE HOLE 11/78/89 i 11/30/89
7. THICKMESS OF OVERSUROEN (L ELEVATIONTOROr wovE  59.48
W, YOTAL COME RECOVERY FOR BORING A
"
6. DETH ORILLED TG ROCK W MONATURE OF 1NSPECTOR
5. TOTAL OEPTH OF WOLE 37 T Paul Lucas
come
cLevarion| otrru |Lesewo CLASIFIC AT S AT AL RECOW [IRRACT]  (Oruting coma water boss, daptht of
wmy . wnaibering, eie., I signilioant)
L) ) L3 4 e { [y
- Silt, clay tan to yeliow -
- brown irca staining -
1 e gravel stringers -
3 -
27— [
3 -
3 -
3 [
—
= -
b we—--gw--Gravel pea size and large —
[~
- —
- —
—
- -
5 — .
§ = -----¢——-5Sand I increasing -t
: =
= [~
——
7= Sand [
-~ -
= —weeepm=wBrick red clay nodules -
8 - e
- -
— -
99— .
pe Gravel % increasing -
$i1t I decreasing -
pm
10773 Black organic stain -l
Sand % increasing -
-
- -
11— —
5{1lty lense -
— =
121 [—
= -
= -
- -
13- Gravel I decreasing -
p Sand, F-M-C, poorly sorted, —
“_‘_ eilty, gravel, unconsolidated -
= iron ataining -
- -
15— il
— -
-
-] -
-
16— i
o -
17“3 -
=
j -
e -
-5 ~ - —
Gravel L {ncreasing [
=
= -
19~ . e
20 3 Sand (Cont) =

ENG FORM 1835 pagvious £oiTIoNs ane ossoLCTE.

MAR 7Y
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Heie No. AFTA M9

DUVISIOn INSTALLATION HEET [
ORILLING LOG of 2 sueeTs
L PROJILCT 0. HIE AXO TYPE LF BIT
. - T T
[, LOCATIOM (Cowrdtnaion or Staion)
12. MANUFACTUREN'S DESIGNATION OF DRILL
3 ORILLING AGENCY
13, TOTAL MO OF OVER- OISTURSED {unDisYURSED
LS :zk:" MO. (Ae ahvun o @ewing titie] BUROEN SAMPLES TAKEN | !
o m——— i AFTAM9
S WAME OF GRICLER t6. TOTAL NUNMSEA CONE BOXES
IS ELEVATION GROUND WATER
€. DIRECTION OF WOLE ATARTRO | comrLarso
M. DATE WOLE I ;
Cvearican imcuineo Cle. FAOM YEAT, H
17. ELEVATION TOF OF KOLE 59 4§
7. TRICKMESS OF OVEAEUROEN
vy s—— 16, TOTAL CORE RECOVER ¥ FOR BORING 3
kbt ocx 15, HGWNATUAL OF INSPECTOR
9. TOTAL DEPTH OF HOLE 33.5
4 CORE (80X OA REMAR
CLEVATION| OEPTH [LESENO] c"““mc(‘b'.....‘o' o'_'nfumu RECO o 1SAMPLE | (Drling lhs‘-l-'(:u. dopeh ot
eny NO. weathering, ol, il aigniticand
o 1] « 4 . § ]
p (Cont) Sand F-M, Ifairly r—
- well sorted, silty, o
-~ unconsolidated, red brown L.
21 — e
e -
3 -
-
2 T —
22 Gravel I increase -,
- aad
- e
pus .
— -———t-==Iron &tained band -
23 — .
- -
~— d
-~ -
—— e
24 [—
= Sand F-M~C, coarse -
= increasing, silt 1 increas- [—
- ing, uncousolidated, little -
25— or no gravel [—
- Silt, sandy -
-1 =
- punas
26 S
b Sand, F-r-C, pocrly sorted, -
ot silty, gravel -
] unconsolidated [~
27 .
- [~
=t -
- -
28— .
3 , =
Craval 1 decreases -
875 [
Silty lense gray -
b ad
- —
30— ol
- -
-
-
3173 Sand F-M, fairly well
3 sorted, black organics,
3 =1 1ittle gravel, silty leuse
] gray, ‘unconsolidated
e
= "
-
33 -
- Bottom of hole
=
- 33.5
-
.
]
—
—
-
—
—)
3
-
pm
p—
=
=
—
-
EN.G‘:?:!H 1836 paavious corTions ang cesoLaTe. pROIECT ]"‘"-‘ no.
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Iy

Hele No. A TA-MIO
BVISION TRET ALLATION (254
DRILLING LOG ARG oF 2 sHeeTs
1. PROIECT ., 'IE 4NO TYPE OF BT .
Fire Training Area Tmmmumm‘——“
1 COCATION (Comrenaies or Statian)
x14446  ve283b i SARLY MCTUNTR C GLMGRATION GF DAILL
T GRAILLING AGERCY ] 5 otary)
WES 13. TOTAL WO. GF OVER- SR JunoisTunsdo
& HCLE HO. (Ad chewn wn @wemwing mu’ SUADEN SAMPLEE TAKEN l !
el Bie nasmb o) -
i AFTAMIO - o
A OF GRICCER 1 TOTAL HUMBER CORE 83
Konecny 15, LLAVATION GROUNG SATER
6 DINCCTION OF nOL L 6. DATE #OLL aTARTED !ccu’ulv [T}
(Rvenvican (CJinwcuingo 0¢e. FAOM vEAT. 10/13/89 i 1y/14/89
7. ELEVATION YOP OF WOLE 61.21
1. THICKNESS OF OVERBURDEN
18. TOTAL CORE RECOVERY (OR SORING 3
3. OEPTH ORILLLD INTO ROCK 19, MGBATURE OF (NSFECTOR
9. TOTAL OEPYN OF MNOLE 37.5 Pal Lucas
CLASKHIICATION OF NATERIALSE L CORE |EOX oM REMARKS
QEvaTIon| 0XPTH {LEcENO| RECOV ({sAwpLE :
(D eonrtptsan) 4 une Deiling l-q.;:l:’/o: dugi ol
e » . 4 . { 9
— §ilt, clayey -
- sand increases with depth -
1 trace of gravel -
1 -~ —
- -
- -
-1 -
1 -
2 - —
- -
- [
- -
33 —
- -
~{ [
= =
4 — -
— -
- -
o [
- -
373 —
= -
- -
— -
¢ 3 —
3 -
p -
T3 =
-~ [~
- -
8 —
- -
— -
— [—
9 = Silt and clay decrease e
-~ with depth -
lo—-l— -
-
— =l
117 ~Gravel 1 decrease f—
-
p» -
12 Sand F-M, silty clayey -
-
= trace of gravel -
- -
13— —
- -
- |-
-4 -
- -
]A—: o
- -
15 [—
= -
- [~
- pore
- -
16— e
- ‘o
- =
- -
- 4--~-Cravel 2 increases -
17— -
- e
- -
b | aad
18— =
- -
- |
— —
1 9=t SN
ey a=d
3 :.'
20 Lravel % decreases (Contl]
on .
ENG FORM 1836 pugvious €oiTions ane cesoLere. esecy HoLE %o
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Helo Ne. AFTA-MI0

L Vaiow TNSTALLATION wWeer
DRILLING LOG l oF ) sweers
1. PraJeCT 5. $IZE AND TYPE 9 BIY
B -
2. LOCATION (Comvdtnates or Jtation)
12. MAMUFACTURER'S OESIGMATION OF ORILL
3 ORILLING AQENCY
13. TOTAL MO OF OVEAR. ATV SLO | unoisTUASED
4. HCLE NO. (A shoom an arewing mh‘ BUROEN SANPLES TAKEN I H
- L AFTAMIO 14 TOTAL NUMSKR CORE BOXES
& MANE OF OARILLEXK
15 ELELVATION GROUND WATER
3 sTARTLD lcomPLETRO
4. DIRECTION OF wOL 6. DATE MOLE l :
Oveavicar (wcringn ______ ___ 0Ce. #FHOW YEAT.
17. ELEVATION TOP OF NOLE 63.21
7. THICKNESS OF OVERBUROEN
18. TOTAL CORE RECOVERY FOR SORING [
4. OLPTH ORILLED MTO AOCK . HONATUNE OF INEFECTOR
9. TOTAL OEPTH OF MOLE 37.5
T
L CORE ,NOX On REMARKS
eLEvaTion| certu (Leaenof AT AT ERIALS RCCOVe [SAMPLE|  (Driiling tiawn, wmtar bnoa, dagth of
[7 14 no. e, 4 )
[ 13 [ 4 [ [ ']
— (Cont} -
- -
-
—
2] ] Silt clayey, sand F, clay X [
- -
= decrease with depth -
- =3
pa [
22 D .
- -
e -
= [~
- -
23— —
— -
R -
— -
- [
3 —
= [~
- [~
- [~
.
2573 Sand F, well sorted, silty -
-
- trace of gravel -
pm
26 brick red clay nodules il
- [
-t o
- [
po [
27 |
3 Very silty sand F-M=-C -
- gravel -
p
28— -
- [
B =
— —
29 —— —
j —
3 —
~Gravel 1 decrease -
303 —
— -
— fuan
- -
31 —
— d
- —
- =
32~ -
- e
— P
- el
— -
eo—
3373 o
- amad
— -
— =l
344 -
=]
3 -
-y p
—
35~ -
- -
- -
= -
36 = —
-— -—
-1 —
1 -
- -
37~ }—
— o
-~ —
- Bottom of hole -
—
383 37.5 -
-
—
—
-
-
-
-
EN..G‘:?:IH 1836 srevious connons ane sesoccre. Frosecy noLE ua.
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Hole Me. ALTA-ML )

fre Traindog Area

x14251 v63893

LOCTATION (Camvimutor o Siaian)

DIV Sion TRITAL LATION WesT)
DRILLING LOG l ] AFG OF 7 SHELTS
. ENICT 0. AT AND TYPE OF 84T

3 TAILLING AGENCY

1. BANUFACTURER'S DEMGNATION OF ORILL,
Faf.igg 1500 ¢toyd Rotary)

& MAME OF DRILLER

13 YOY AL N0, OF OVEN. csYUR S KO ’ WHMOIBTURBED
4 HOLE MO. (A chowm an dromtng tulel SUROES SANPLES TAKEN :
onet ie sammtrusd ! :
i AFTAMIL 14 TOT AL HUNOLR ~ORE BIXCS

16. CELEVATION GAGUND WATL

—

-

Sand, F-M-C, Eoorly sorted
silt, gravel

lllTLllITLIJITHHTUHTIH’T JLTHHTHH

S
1

Sand, F-M-C, silty
no gravel

--—==t--~-Gravel % increasing

Sand, F-M-C, -5551"‘-\; sorted |

(Cong)

Kopecny
4 OIRECTION OF HOLE . o. « jstanveo |commLETED
ATL WOL : ;
[FvanvicaL (Jmcuiwmeo ____ __ 0€8. Faow vEaT. 1 11/21/89 i11/.2/89
17. E1EVATION TOP OF MOLE 54,13
7. THICKNESS OF OVERABUROEN
po= 6. TUTAL CORL RECOVERY FOR BORING 3
8. OCPTH OMILLED im0 ROCX 9. HGHATURE GF INSPECTOR
9. TOTAL OLPYH OF woLE 26.0 Paul Lucas
. CLASBIFICATION OF MATERIALS 3COmE 4OX Gt REMAAKS
awy-avion| oervu [Leceno ALCUV- |SAMPLE{ (Dvwr [
(Desargtsws (o wnt 3 e, e loes, dapth ot
- s « 4 - [} M
— Silt, clayey dark browm ta
—
- tan
-
1 -
-
2 —
—
-
3
3
-~
—
-
—
4 e
—
-
-
pm
5 = Silt sand MC, clayey brown
6 ~d
-
—
7 p—
~Gravel % increases
-
8 asemd
g —
pm
—
—
10—
—
—
—
—

WTHIIHHIIHtUTH]HI]IHII]”H]HH[”il“i”fllli[lﬂllll”'llll”ﬂl]llH!”ll]THIIIIII

"N_G‘:e‘.“ 1834 sacvious

o
CONTIONG AN OEROLETE. ciecy

(TRANSLUCEAT)
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Holo Me. AFTA-M1]

CVIEION TRETALLATION WEEY
DRILLING LOG ADC or 2 smELTs
T PRGITCY 0. 422 ANO TYPE OF BIT
-
LOCATION (Canrdmaios or biaprons
12. MANUFACTURER'S GESIGHATION OF DRILL
3 ORILLIMNG AGENCY
19, TOTAL NO. OF OVER-. ISTUMEEO 1 VHOISYURBED
4 HOLE MO. (4e shvwn om @raweng Litle] SUROEN SANPLES TAKENM H
i Glo muntd b | H
i AFTAMIL
Wi OF CRICCER 14 TOTAL MUMSEAR CORE BOXKES
18, ELEVATION GROUNO WATAR
6. DINECTION OF wOL T |sYantgo | ComPLETKD
16 DATE HOLE H
[Clveavicar (limciimeo ____ ___ 066e. PROM vEaTY, l H
1. ELEVATION TOP OF wOLE S48
7. THICKRESS OF OVERSUROEN
P — ——118. YOTAL CORE AECOVERY FOR BORING .
- LED W ocx 9. UGNATURE OF INSPECTOR
9. TOTAL OXPTN OF wOLE 26.0
s cone [sox om AEBARKE
wevaTion] oemTw |LLGEno| CLASKIPICATION OF WATCRIALS RECOV- [SAMPLE]  Drtiiing cowe, wetar bove, domth of
amy 0. weathering, oda, i signittensd
L] 1) < d - {
N (Cont) -
- Sand, gravel, silt, organic -
—
2] —] coating (19’ to 19.5") -l
- v
- brown —
- e
- L
22 r—) ———
—
3 =
— -
- poe
23— —
- -
— [
- —
24 Jrganics .
- pree
- anad
— .
25— Interbedded with lenses of -
-
- well sorted sand F-M -t
— (23.4-26.0) -
26— .
- Bottom of hole -
p
= 26.0 -
o .
-1 e
-4 -
~ e
1 nd
b -
3 [~
po— -l
-4 -
- s
-~ P
- b
—y -l
3 -
- -
- -
— .
- -
- =
“1 -
| —
v il
- —
- powen
- -
—— .
9 -
| aad
- ol
-~ rve
pu—— il
e poe
= -
=
— s
— .
— -
-~ ==
-1 b—
- -
- e
— -
~— -l
-4 P
-~ -
— ot
i -
i
=1 .
- b
- P
- -
et
-~ ..
= =
- —
» -l
EN-GA:Q'QA 1835 smevious eciTous ane owsoLere. FROJECT HOLE NO.
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Hole M. AFTA-M12

CIVISiOn INSTALLATION SHEET |
DRILLING LOG l ADC ]oa 2 SHEETS
1. ProseCy "0, IE AND TYPE OF 81T
Fire Training Area . = -
[ LOCATION (Courdimtos ar Statian)
x14513 y64373 2. MANUP ACTUREN § GESHGNATION OF DRILL
3. DRILLING AGENCY g 0
] 1. TOTAL NO. OF OVER- ‘OIOYW.(D \l—u"vll.;_
0y 2;:':0, (Aa oo ey we drewang titho] GURGEN SAWPLES TAKEN | l
et i AFTAMI2
S NAME OF DRILLER 14. YOTAL MUMAER CORE BOXES
Xonecny 15 ELEVATION GROUND WATEN
4. CIRECTION OF MOLL 6. CATE HOL (874 - r€0 !CWLI'ID
G venTicaL [JimcLingd . 06 cuowm vemy. | * | 11/2°789 111/24/89
17. ELEVATION TOP OF WOLE 55 ’21
7. THICKNESS OF OVERBURDEN
OTPTH CRILLED W TO R 19. TOT AL CORE RECOVERY FOR SOAING L3
d On £ 0. HGNATUNE OF INSPECTOR
s. TovaL CEPTH OF wOLE 27.5 paul lucas
sgvanion| ogerw o CLASUAIC A n S Jat s :{fé‘v‘- :f:‘;ﬁ (Deatimg u-:t:":‘n:!a'.... dogth of
. ata, )
) ] - d - [ v
- Silt, trace of clay -
- brown to tan -
= -
1 =3 —
et -
2 — =
- [
3= =
= sand X increases -
- -
e | p—
4 —1 _—
- -
5 = (e
. Stiff, tight E
— -
- -
7 — Sand and gravel I -l
3 increasing -
- -
8 =3 =
= =
- Fand, siit, F-#—C -
3 unconsolidated, little E
= gravel, poorly sorted
- s —
10— -
3 -
— —
1 [—4— —
- [~
12— —
— -
= Silt I incresse [
13— gravel I increasing [~
b with depth -
16— -
- Silt 2 decresse E
- gravel X increase -
1’—: —
~ -
:L- --511t % increase .
1r—t----- L-—-Gravel % decrease -
- organic stalms -
I dark brown -
18-—1_4 [~
-1 -
-
Organic stain -
. 3
3 -
20 3 {Cort) -
EN-‘i:(’)!ll 1836 mrevious LoITions ane omoceTe. Froseey HOLE Ko
(TRANSLUCENT)
c23
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Holo Mo,  ApTa-ui>

Civision TMSTALLATION ety
DRILLING LOG oF 7 IMELTS
1. QJECTY S0, MZE AND TY oF MT
[ COTATION (Canrdimatas r Siaiar)
12 MANUFACTUNER'S DEMGKATION OF ORILL
2 ORILLING AGENCY
15 TOTAL NO. OF QOVEN- LAV TY 1) TWOII'V.IID
4. NOLE MO. (As shoan en drowing tide! BURDEN SAMPLES TAKEN H
and file sammiay 1 P -
M
S MAME OF DRILLER AETAM] 14 TOTAL NUMBER CORE GOXES
168 ELEVATION GROUND BATER
4. OIRECTION OF NOLE STARYROD I1ComPLETRD
16, CATE HOLE :
COvemvicar [TJiwcLimen ORE. FROW YERT, H
7. ELEVATION YOP OF woLE 55,27
7. THICKKESS OF OVERBUROEM
18. TOT AL CORE RECOVERY FOR ORI
o. 0€PTH OmILLED WTO ROCX < ove b A
9. HGNATURE OF INEPECTOR
[8. TOTAL OEPFTH OF NOLE 275
CLASSIFICATION OF MAY 1A % CORE 180X ON REMARKS
tLevarion| cesvu L Danorary T ERIALS RECOV- [SAUPLE|  DeMiling e, wmser bos, dopths ot
wsashering, ofe., i eignilicont)
. b < 4 - { ]
— (Cont) Sand -
Sils increase -
= gravel X decrease -
21~ iron stain [
- [
— -
p= [
2r—j-=——=t-—=-Little or no gravel —
e iron staining -
— -
- -
2 —
ZJm=——1---51i1t decreasing w/depth —
- -
241 —
-
- -
- -
— e
2"—— .
- -
-4 o
- Silt X increasin -
260 g .
- -
-
- -
2 r——‘_‘ —
Brown organic stain [~
— Bottom of hole -
L 27.5 g
] [
e -
— .
= [
3 -
— —
——
— [—
— -
—— -
-
— -
- -
- -
= ~
- —
— [~
- _—
- ron
= -
-~ -
— -
~ [
-
~ -
—— —
—
- [
B [
- -
b -
R -
-5 [
-~ -
=
— ul
e .
it -
[
b | =
e d
-4 -
- -
~3 [
3 -
- -
ety -
= [
- e
- -
- -
~
-
EN:::?"‘“ 18346 enevious zormons ane amsorere. PROICCT Ino.,( "o,

{TRANSLUCENT)
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Hele Me. AFTA-BI

CIT] NITALLATION HEEY |
DRILLING LOG I APG or 5 meeT
VPROJECT W SIZR ANO YYPE OF 3IT
Fire Trainiry Area _ —
P BEATIEN T payoe o« Fimin
X R0 ARG T1. WAWUFACTURER§ GEMGNATION OF ORILL
3. CAILLIMG adENCY Failing 1500 (Mud Rotary)
WES $5. YOTAL KO. GF OVEA. CIITT) TomoiiTURe €D
4 WOLE MO. (As shown wn wewtng (file] SURDEN SAumL LS nuu‘ i
Ale ronded) ‘AFTA-81 i
T AT OF GATCCER 14 TOTAL HUMSCR CONE BONKS
Koneeny 15 ELEVATION OROUNO WATER
6. DIMECTION OF HOLE 1. DATE sTAnTRO | comrL g a0
@D veanicar CYimcringo o€e. sa0m vear. | oLz 9/8/89 i 9/13/89
17. ELEVATION TOP OF woLE  58.99
7. THICKMESS OF QVERBUROEN
P ——— 16. TOTAL CORE AECOVERY FOR BORING Iy
9. MGNATURE OF INIPECTOR
9. TOTAL DCPTW OF MOLL B1.5 Paul Lucas
com
€Levation| oErTH [LKGEND, CLASIFIC AT On O AT RRALs RECOve [TEuPLE]  (Dedting com ot tosa, snoth of
hatabad TRy %0, weacsvring, sa, il sigriticand
. v « ‘ . [ y
- Silt, trace of clay, -
= trace cf gravel, brown to ~
1 - dark yellow brown e
3 -
2 _T -
3 -
3 3 -
-~ ~
-y i
- =
4 - Gravel stringer -
- Silt, trace of clay, -
b= sand C, iron staining -
ER— nll
B -
6 Gravel and sand I {ncreasing -
- Sand, silty, trace of clay, -
3 M~C, well rounded to -
7 _ angular,poorly sorted, 4 -
-4 iron staining -
- -
- -
8 7 -
= -
9 il
- -
- [
10— -
= e
11 .
12 3 ~
— ‘ol
1377 Silty sand band with {ron -
- stainiag -
-4 =
b ] Sand F-M, clayey, gravel ~_
= lenses -
- —
-
153 -
16 3 —
— —
- [~
173 Thin clay lense il
- nd
: Sand, clayey, silty, F-M-C -
18 = gravel, interbedded leascs [~
- of fine silty sand well P
b= sorted b
9 -
: -
- -
20 — {Cont) -
-
ENG FORA 1836 pugvious €oimions ang cesoLere Feosect ]"""‘ o

AR Ty
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Hele Me. AFTA-BI

DAVISION INSTALLATION
it vy [EIT A )
ORILLING LOG oF c INEETS
T PROILCT W. $IIX ANO TYPE OF #IT
LN -
1 LOCATION (Comeinerne o Jtatian
13 WANUF ACTURER < SEHIGNATION OF DRILL
3. ORILLING AGENCY
13, TOTAL NO. OF OVER. CRA T ) {unotarumeeo
4. WOLE NG, (Ae ensun an o treie | BURDEN $A: i
WL LS. (s eoing -! AFTA-B1 OEM SAMPLES TAXER 1
O gTee 1 ' te TOTAL Cont soxes
6. CLEVATION JROUND WATER

6. DIRECTION OF wOLE
venaricac (Dimcumes . O€e. #A0u vEATY,

1T4AR"RD
. oAtE ¢ !cw\.lv(u

V7. ELEVATION TOP OF WOLK 58,99

7. THICKNESS OF OVEABUADLN

jo. DEPYH DAILLED NTO ROCK 14. TOTAL CORE AZCOVERY FOR BORAINS L
- 19, LIONATUAR OF INSPRCTON
5. TOYAL OEPTH OF wOLE 81.5
Tavanion| ogerw [Lrcewo) "-*."N(g"ou o‘c_:nuuu :(:i%‘\vl. :2:’?' N_:,:::.:“ J
. [y . ¢ .' "‘° weaturing, u‘., U sigrd liasesd
3 Clay, silty -
b e
21 7] Silty fine sand, VF-F -
- well rounded, well sorted, P
3 iron staining, thin -
22_ black laminated clay lense: -
23 -
247 =
2873 -
3 —
p Sand F-M, rounded to =
267 angular, silty gravel 1 in- -
- creasing with depth —
3 poorly sorted, =
21 clay silt nodules, -t
= organics; —
hn black silc laminations; -
8 iron staining -
- umnd
. b
- -
29 =
3 pos
= =
30— -
3 —
3 -
j} p— o
3 -
327 -
- e
3 o
337 -
-t -—
-~ Send F-M—C, coarse vith -
3 depth, red; clay nodules -
3".".. (brick red); some gravel, -l
- siley E
’ =
3 thin black laminaced silt -
lense =
’ =
-
® ol
39 -
.
-
40 (Cont) =~

PROJECY ]’hho.l.l "o,

EN_G‘:E‘R“ 1836 sacvious covtions ant oemsoLeTe.
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AFTA-B1

ENG FORM
o 1836 eacvious torvions ane owsoere.
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Helo Me.
TIVISION IV ML ATIOR neLY 3
DRILLING LOG ] or 5 tweeTs
[V, #RIEST . MIL AND TYPY OF $IT
N -
I COCATION (Coadtvores e Jtaiten)
% ACYORTNS OETIGNATI o
3 DNILLING AGENCY
15 TOTAL Q. OF OVER. meTua s SO wmorsrunsco
@ 2&:]:«0. (As shom en droweng lul.]‘ AFTA-BI1 SUNOEW SANPMLES TAKER 1
S WAMC OF OAILL EA y e ToTa Cong soxey
15 EAEVATION GROUND FATER
6. OIRECTION OF ROLE €. DATE WOLE ATART RO lcmo;lv-o
[Ovenrican Jincuines _ . OKS. FROM VEAT. l :
17. CLEVATION TGP OF NOLT 58.99
7, THICKNERS OF OVERSUROEN
P 6. TOPaL CORE RECOVERY FOR SOAING +
* W OAILLED MTO ROCK 0. MNATURE OF (NESRCTOR
9. TOTAL DEPTH OF WOLE 81.5
CLASSIFICATION OF NATERIALS s CORE 80X on ACHARKS
CLEAVATION| OEPTH (LESENOY RECOV= |SANPLE
{Desareptiond i o Detiting time, ::.t:'b“ S ot
. [ . 4 . ¢ 9
3 (Cont) =
M1 b ad
42 o
o 3 E
= -
44 ] P~
— [
45 3 ) -
- Thin black laminaced silt [
- -
p lenses -
4“6 _ il
“ o= Sand, F-M, well rounded —
- subangular, brown Fe -
8 3 scatning, siley; -
- gravel 1 increasing w/depth; .
- poorly sorted -
- =
49 -l
3 -
-~ nad
50 o
3 =
-
51 .1 ot
ii -
52 7 -~
— -
-9 e
- P
537 [
: e
53 ==
3 =
= -
5 [~
— —
-t pn
56 ] -
-1 oy
: e
57 o
— o
3 8rown organic layer -
58 .73 il
3 =
59 =
| -
= Gravel % decressing [
60 = w/depth (Cont) -
PROILCT

] noLL mQ,



AFTA-B1

Hele No.
N— T g v ST —
DHviston IMATVALLATION HELY 4
DRILLING LOG 0F © SHELTS
1. hRorecy 0. MIQ ANO YYPE OF BIT
T SAYUU Fol Y -
T TOCATION (Coardimaise o Jtatiard
T MANUFACTUNER'S OEMIGH 1 oLl
3 OAILLING AGENCY
TTW“ 1 13 TOTAL .‘t’i OF OVER. ‘ouvw.lo Jwmoisrunero
M .
e l*--.-“llll! AFTA-B1 BUROLN MPLES TAKEM l.
Lknnu 5% SAICCER - 18 TOTAL €A CORE BOXES
15 ELEVATION GACUND WATER
6. DIRECTION OF WOLE STAATEO JcomriLgTRO
6. DATE MOLE H
Oventicar wcuin€d . OKE. FROW vEAY. i
17, ELEVATION TOP OF HOLE 58.99
1. THiCKNELS OF OVERBUROEN
14, TOT AL CORE RECOVERY FOR BORING L3
8. OCLPTH ORILLED T3 ROCK 1. HANATUAEL OF |MEPECTOR
9. TOTAL OEPYH OF WOLE 815
cone Juox om
TLAVATION| OCFTH jLCoE CLASUPICATION OF SATERIALS Aecow [Sumvt] Deure --:t:::':... it ol
aserip RY o, weaitmring, ote, li elgniticand
. 1) e d [} i g
- (Cont) -
- [~
— .
bl -: —
3 -
p |
- -
162 -—: e
- -
- -
63 «-E —
o -
p— -
—— po
64 —
p= -
E £
- N -—
65 — Black organic material e
e
- -
-
66 7 -
= -
p=
o -
-
—
-
- -
-
8 .
-
3 | -
69 1 Silt 1 increase =
.
- -
- -
[
-
703 =
p
= -
=
7.3 =
—— e
: -
- -
—
[ N -
7 ol e
— -
130 -
— =
: -
76 -
— Silt, clayey with some fine =
=
- sand @ 74.2 fc. -
75 . -
- Clay, stiff, mottled, atlyyy =
-
- with scattered thin silt -
76 7 lenses, gray; silt X de- =
: creases with depth -
= 5
170
= —
- p
- ad
-
78 7 il
- -
pn -
-
7191 —
-y o
R | p
—
80 —d (Cont)
ENG FORM 1834  pagvious eortions sne cesovere. FRoscct ]"°"' *a.
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G FORM
5"_‘.?' 1836 rucvious eniTions ans ossoneTe

o
3

AFTA-Bi
Hele Ne.
ST Ol e WIS
DRILLING LOG or 5 sneeta
1. #RoJecY W, HIT 4aD TYPE OF BT
[ XY T YL VISR THOWH TS0 & LY
1 TOTATION (Comdimures o Searion)
T2, MANUFRETURER'S GENGHATION OF DRILL
3. OAILLING AGENCY
1. TOTAL NO. OF OVER- DeTumeLa l UnD(ITURSZD
4 HOLE MO. (Ao ohsum on drawing titie] SURCEN SANSLES TARER
o 510 vt s ! AFTA-B1 .
S NARE 07 DRICCIR - 14 TOTAL CONE sOXES
+6 ELEVATION QROUND WATER
s, IRECTION OF mOLE sSTARYED jCOMeLETED
4. DATE moLE l :
Oveanicar DOiwctingo . 046 FA0N vERT. H
17, ELEVATION TOP OF HOLE 58.99
7. THICARESS OF OVERROUATEN
P e 1. TOYAL CORE RECOVERY FOR SOAING b
[, CIPTH ONILLED MTO ACCK W, HONATURE OF INSFECTON
9. TOYAL OEPYH OF wOLE 81,9
CLABIFICATION OF MATZRIALS 1 cone {aox on REMAAKS
SLEVATION| DEPTH [LRAENO| . RECOW |1ANPLE|  (Dvitng tame, waier lecs. duprh of
taashaland Y o, et ring etan, I signiiteared
o 3 < ‘ ” | v
- (Cont) -
-
] Clay ;
81 ] —
e -
p Boctom of hole -
e -
82 T 81.5 ol
— -
— -
- -
- pome
pa— -
- -t
-
3 =
-y f—
ot e
- ——
- -
e [
— -
— |~
- e
- -
- o
- -
— [~
p= -
- e
-
-—1 :
— .
= -
— p—
- -
— -
—— -
= -
- -
- -
— -
p— [
- P
b d
— -
—— .
- o
- -
R | o
- -
ety —
- d
e -
~ -
- -
— S,
oy b
-— -
— -~
— -
+ ] ==
- -
i -
-4 -
- -
p— .
- pose
-4 b=
-~ -
- -
4 -
-t
e
=
-
- po
- -
—— e
- L.
- -
-~ =1
~ -
— e
-y =
- -
- oo
— e
j -
.
-
I -
_—
[ TITE]

i
[ noLL wO.



Mele No,  AFTA-B2

OIVITIOon WITALLATION THEEY
ORILLING LOG APG oF 3 IHEETS
1. hnoieey 0. SILE AMO TYPE OF BT
Fire Training Area RANLZAG L RASINN LR L [Fer | =2 A RS
(I LETATION (Comsmacos or Jiatton)
S 214442 201938 T3, MANUF ACTURER'S DESIGNATION OF ORILL
3 ORILLING Agency Failipg 1500 (Mud Rorary)
WES 13. TOTAL HO. OF OVEN. jorsTUmeso jwmotsTURBED
4 WOLE NO. (As ahsum an drqwing titie} SURDEN SAMPLES TAKEN ; H
oont M6 resnbe H AFTA-B2
L MAME OF ORILLER 18 TOTAL coat soxes
Konecny 18. ELEVATION GROUND WATER
$. DIRECTION OF NOLE |$YARTED | comPLETRD
6. DATE NOLE :
Cveavican [wcumgo . OCS. #40w vEAT. H
7. ELEVATION TOP CPF HOLE 55 54
7. THICXMESS OF OVERGURDEN
16. TOTAL CORE RECOVERY FOR BORING )
[#. OATH ORILLED 1WTQ RoCK 122 4 . SHOHAT JRE OF INSPECTOR
9. TOTAL OLPTH OF WOLE Paul Lucas
CLAMIFICATION OF MATERIALS 1cone |sox Nemanxs
SLEvATION| DCP T {LEGENO| RLCOV= [JAMPLE{  (Dvar
(Desartpeion) Y "o, posiorenforgy Syt il
. L) < 4 . i Pl
:1 Sile, trace of clay and -
3 sand -
1 — Clay % decrease with depth —
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APPENDIX D

GRAIN SIZE ANALYSIS FOR
SOIL BORINGS FTA-Bl THRU FTA-B3




) ) JAHND NOUYQOvY9D
06 AWN 60 11vQ §0L-00L  AJB/HLLa
ON ‘O NMOHEB "(dS) ONVS ATI3AVHD
NOIYDIISSYD
V34V ONINIVHL 3414 N330438Y 103M0Yd 0l S 67
%M IVN $9 Id R%| m
ING ] N0 [ uv02 3N T ESNed
A0 2 178 TS D 5318909 |
SYIIMTIA N 3ZIS NIVED
T o) 5000 100 500 10 50 ! S ot 05 no1 005
00! 0
O .
06 ] 0L
08 , %4
2 \
o 0L oD
g 3
3 0 -
a 09 oy O a
Q r -
w z
0\ m
m x
2 06 0§ o]
@ =<
< =
= m
oy 09 ¢
(9]
3 \ B
o5 0L
474 I 08
\
//
0l AN 06
N N
0 Ll | 1 4t htll Lid i L 0oL
J0Z OrL DOLOL OS O OF OZ 9. 018 8 ¥ € qthm_TN € v 9
HIINOUAH SH3IANN JA3S GYVANVIS SN SIHONI N ONINGJ0 NS VOIS 'S




VW NUILYU YO
06 AN 60 v S81-81  AIB/HLIIO
4! "ON 39S {~8 Vi "ON ONIN08 NOLYAVHO IAVYNIIY Y04 IdNYS INIIDIIINSNI
k TAVHO HIM INMOHS (0S) ONVS AUVD
On Jdv MOLYOLISSYD
VYV ONINWAL 3914 N33Q38Y  103M0ud l 2z o
%M LN S9 id W ALl
NG I [E] ST 3N 1 B0
AVY) 0 1S NS RG] S318800
SYAINTIA N IZIS NIvYD
L1000 5000 100 00 L0 50 1 S ot 05 001 005
004 _ 0
06 01
08 5 4
T
o oL N of 3
0 h Y
Z 2
A N
o ™ ot 3 la]
o] / n
b3 Z
4 3
x 0S5 oS mm
< z
£ m
o O \ 09 ¢
) 5
5
N
of 0L
//
N
0z / 08
Y
01 A 06
61/
0 gl 1l | 11 Cl B N ! 1 1 0ot
00Z Obl 001 OL 05 Oy OC OZ 81 018 9 # € ..m wu.m._m € v 9
¥IAINOBAH SHIPWWN IA3IS QUYONVLS ‘SN SIHON N ONINGdO A3 Quvawis SN




. ) INND NOHVAVYD
06 AVN 60 3G 05¢-G+¢  AIB/HI30 -
€z ‘ON 31dIWS 1-8 ViV "ON 9NI¥08
0N ‘9dY TAVYO HUM AvHY (dS) QNYS
NOUYDIISSVD
VISV ONINVYL 3u1d N3TQ38V  103008d N
UM IWN 9 14 W mn
WD 0 1S I ] oz<mz=a! | suv0 ING ,mwémo IO ST
SYUINTIA N 3ZIS NIVYD
100D 5000 100 00 10 50 | ol 05 001 005
0ol T T30
06 / oL
08 0z
. It
m oL of p
Q / b}
m O
5 B
o 09 oy 3
o hal
% g
m Py
n 05 oG oy
@ \ =<
P S
P m
0 or \ 09 ¢
M‘g -
o / [474
0z /f/ 08
N
04 06
/I
e
o i 1 on 1 Ul 11 gy 11 i 1 0oL
00Z O¥L 001 0L OS OF OC O 91 OQiw 9 ..m. M_WLN € v 9
HIL3A0NOAH SHIBN AIS GUYONLS Sn

SHONI N DHINIJO A3S QIVGHLS SN

D-3



. AN NOLLYOYHO
06 AVN 60 3IVQ §SL~L¥.  AIT/HI4I
0.9 ‘ON 31dNVS =6 ViV ‘ON DNIYO8
| ' ONVS 40 3DVHL 'NMOYE (RO) AV
f QA 9dv NOILYDIASSY D
| Y34y ONINIVYL 3314 N330438Y 123r04d Bz 9z ¥o
| %L'M LN 59 Id u m
| 3Nl I RE T 3suw0d INY | IV
AV 0 1S NS eIV $318802
SUILINTHN NI 3ZiS NIVYD
L0Q'o 5000 100 $00 Lo S0 1 ot 05 oot 005
0ol 0
06 0t
08 0z
R
3 o * g
: 3
o 09 o 3
8 I
W z
7 %
m
o 05 06 n.m
2 x
b3 Ak
m Q
w oY 09 s
oL (074
0z 08
o] 06
o u/_ ] Ul 1 13 g 11 1 oot
00Z O¥l OGL 0L OG Or OC OZ 91 Olf 3§ N ,.m. m.wm £ v 9
HAEA0HAH SHIOANN JATIS OYYaAWLS 'SR SHON N ONINGDO IS RIVGHIS SN




JNIND NOUVYGVYD

06 AVW 60 31vQ LL-§9L
1y ‘ON 3TdNvS 1-8 Vi
ONYS 40 30WHL ‘NMOXYS “() LIS AAVTD
NOILYOLISSY D
VIHY ONINfvAL 313 NI3QH38Y
2 YN ol ¢ Wl ® wl S 4
) I | A0 JESTRR) 3N i ST
AVID 0 1S anve BV S3718800
SYITWTIA N 32IS MIvYD
Too 5000 100 S0 1 g ol 05 ool 005
sied} 0
06 01
08 0
m
o 0L of 3
s 2
3 =
o 09 % 3
§ l
5 z
@ o
o 05 05 o
w <
< ¥
% m
m (9]
3
g 0L
0z oA
01 06
0 1 o Ml L 14 gip g 1) L I 0ot
00Z OrL O0L OL O O¥ OC OZ 9 0i8 9 » ¢ mm m_m._m C v 9
HATINOYOH SHIFINN AJS QUYONYLS SN SIHOM N ONRGJ0 NIB GIINVLS 'S

D-§




. . , IAMND NOULVAYED
06 NNP 67 3IVQ §18-6'8,  AIB/HLdA
LGN ON F1dnvS 19-vL "ON ONRIOB
‘ NMONS LHOT (W) 111S UV D
R 9dv LYOISSYD
VANV ONINVML 3¥(4 N33Q38Y 103M0yd - or -
%M LYN %9 Id W m
INLI 1 NOIO I 1 3w R Y] 1 W00 o
AV1) X LIS S eI SIIEH0D
SYIINITIAN NI 321S NIveD
100 5000 100 500 1o §0 i _ S ot 05 oG4 05
00t I 0
06 01
08 0z
3 !
m 0L - of D
O Py
s}
g 09 ot 3
I
% &
wx x
o 05 0S @
fos] -
~ x
s m
m Q
3 oL 09 g
A
0f 0L
0z 08
0l 06
o b b i Ll [IRA I | | ool
00Z O¥t D01 OL 06 OF OC OZ 94 Olf 9 ¢ € umq m.mLN cr 9
YIIN0HQUH SHIANN A6 QuYONVIS SN SHONI N ONINIJO 3AIS GWWIS SN

D-6




X _ JAND NOIYavH9
06 AYW 60 1ivQ §9-05  AIB/HLL -
| “ON TNYS 2-8 Vi ‘ON INOS NOLLY(QVYD 3LvHNOOV 804 IWYS INFDI45NSHI
Ry NMOXE '(0S) ONVS AZAYTO ATIZAYND
HOUYOLISSY D
VIV ONINIVYL 3314 N330438Y 123r0yd g g1 97
%M LN $9 Id u m
INY | NRIOIY [ N | ESTacs)
AVI) 0 S ONvS TV S318800
SHIINITEA N 321S Nivyo
a0 5000 GO 500 0 S0 i S ot 0% 00t 005
o1 _ « 0
06 +H { 0.
08 0z
hel
Mmoo of o
8 2
m L4 o]
o 09 / 0¥ 3
$ pal
pd
3 3
o 0§ / 0S @
® -<
@ &
M —
a oy / 09 ¢
T \ -
pu
g N 1 0z
4/4
(074 // 08
N\
<]
0l ™ 06
A\
B
0 “ dtl (0 i by Ll BTSN ! 001
00Z OYL GG OL O Oy OC OZ 91 Ol§ 9 + € mw m_ w T ¢ r 9
HIINOHAAH SUINN JANS QYVANYLS SN SHON N ONINGJ0 IS GIvaMwiS SN

D-7




“vU AYEY UV RSN AN ] - ¥ UUE g a7 naadv N -

< O8N 3dNvS {~8 Vi ‘ON ONI¥OSg

" NMOYE '(9S) ONVS AZAVD ATIIATYO
RARL NOUYOLASSYTD

V3V ONINIVHL 3319 N3338Y  12310yd 9l €z 6c
%M LN SO Id 0 BL

ING 1 k] | S EXY] | I
aNYS BAVHI

SYIIANITIN N 3ZIS NIVYD
Lo G000 100 S00 L0 g0 | S 0L 05 001 005

AV 0 LIS $318802

0L 0t

LHOI3M A8 ¥3SAHVOD IN3DM3d
LHOI3M A8 ¥3NI4 IN3OM3d
D-8

02 N 08

Ol J 05

0 ___________/m____ oot
O

00Z ObL 001 OL O6 O¥ OC OZ 91 o018 9 ¢ ¢ & w_mLN € v 9

HILINOUAH SUIFNN IS QUYCHVIS 'SR SHONI N ONINGJO 37385 QWONWLS "SN

[




L \ . ) , AHND NOUVAvYD
0B AW 60 31VQ §'1Z-02 A3 B/HLId30
% ON J IS -8 V1 "ON ONIHO8
“ NMONE ‘(NS) ONVS ALTS
QN Odv NOUVIUISSY D
V34V ONINWML 3¥14 NI3038y  103M0Nd N
LM IVN $9 ] W mn
VD 2 175 EE— az<mz;§ L 32900 S dwéo =0 S38802
SYILIKITIA NI 3ZIS NIvD
1060 5000 100 00 1D 0 | S oL 05 0! 005
Dot 0
0 01
08 74
d kg
oL —{0f 1
A :
5 T 9
o 9 o 3 A
o) / ) a
: |
o 05 —0S o
o \ <
< =
z m
= Oy —08 €
0 5
) ,
o / 0L
0z / 08
(o1 / 06
ol T T T T B L dalh p it ! ! 601
00Z Ovl 003 OL O OF O OZ 91 018 9 ¢ ¢ ww m_w.N € v 9
Y33N03UH SHINMN 3A3IS QYONVIS SO SHONI N ONINGJ0 IS GvaiwLS 'S0




01 ‘OM 31dWVS {—8 Vi ‘ON ONI¥08

O 'S99y NMO¥E ‘(NS) ONVS ALTIS
NOUYDLISSY D
V3HY ONINIVML 3¥14 N33CE8Y  103M0Nd N
%M IVN 9 id d T
N 1 NG ] w0 3INY ] IR0
INAS ISR S TWVE $316800
SYATAITIA NI 3ZIS NVIO
LOQ0 G000 100 <00 10 50 1 S ot 06 00t 005
00t 0
06 s ot

8

o

o oL of 1

0 X =)
z o T
o 09 ov 3 o
o] _Y n

3 2

A \ 5

o 0§ S o

w / <

< =z

< \ u

o Of OOH

Q / 5

=

e14 / o8

ol / 06

0 1 I | // d L3l i} Hot]] | | oot
00Z O¥L 00t OL OS OV OC OZ 91 018 9 ¢ € 2 m.. i mL T € ¢ 9

-~i

YIUINOSAUH SYIANNN 3A3S QYVANVIS SN SIHONI M ONINGJO AFS RIMONVIS ST




JAHND NOLYAvYD

0B AWN 60 3Iva SHYE-£¢  AIB/HLIA
8 ON 319nvS -8 Vi ‘ON 9NRIOB
R A4 '(NS) ONVS ALTIS
NOUWDIASSY D
VIV ONINVHL 394 NI3Q38Y  103r08d Y
%M IWN 9 id u it
AVID © 1S = _ DZ(W..SSU; M e dwxéo S371880)
SYITATIA NI 32IS Nivy9
130 5000 100 GQ0 10 S0 i ]9 05 001 005
£ol 0
06 ot
08 027
g o or g
O P
z s
e
o €9 > ob m
O Bl
P z
\ s
D 05 0S @
W =<
< =
F3 M
o Oy 09 2
3) / b
) /
o / 0L
0z / 08
0l a— / 6
o 1 | | ] 4 iy | 1} N { ! I 00!t
GOZ O¥i 001 OL 05 OY OC OZ 91 0i8 8 % € ..w W,TN £ v g
Y33IN0HQUH

SYINNN TS QWVOINIS SN

SFHONI N ONINGJO 3A31S GaINiS "STh

D-11




.om AVN £0 31V0 0'1.-50L AI/HId3C
6 ON WS -8 viyv "ON DNIYo8
. ‘ A9 (D) AVTD AONWS
Q
an Ddv NOWLYDLISSY D
VINY ONINWML 3§14 N330¥38Y 123M0ud 1z 62
LM IWN S9 id u T
WD 2 1S N 1 oz%za_ag | ST N dw,éu F00 S30800
SYITAITIN NI 32IS NIvYD
1000 5000 100 0 10 - 50 1 g oL 05 001 00
001 0
06 01
02 0c
o
o 0L U
2 &
z . S
o 09 o
e} o
% 7
# o
o 0§ 0S @
I"s) =<
< =
z m
m oy 09 2
Q ]
4
o¢ 0L
(674 / 08
01 // 06
N
0 11T Ml 1 1 | 1 1 0ot
00Z 0¥t 00K OC OG O¥ OC OZ 8t Ctg S * qw m,m._m [
¥353H0HAAH SHIFNN IS GYVONWIS 'S'N SHON! N ONING4O 3A31S GHNONYLS SN

D-12




, JANND NOULYUV YD
06 AWW 60 3iva 09/~06/ A/ HLA
o ON 31dnS Z-8 ViV "ON 9NI¥0g
. NAOYE "(WS) ONVS ALTIS
AR NOUWDIASSY D
VIV ONINWVYL 394 N33QM3GY 1D3r0Nd N
LM VN $9 Id W M
Y 2 1S M _ T EESTY 2y dwéo s $318800
SYIINTIA Nt 32IS NIy
L00C G000 100 Q0 {0 G0 1 S 4]} 0.5 00: 005
ool | o
06 0t
08 oz
Y
mooOL of 1
w :
M
”m
o 3 i
g n Qe
5 05 0S @
: \ <
< \ .
m
A.M oy x 05 W
) {
o ﬁ - / (414
0z / 08
(o]} / ; 06
0 L1 h N 1 1y 15T S i ] 00t
00Z Ovl 00t O 0§ OF O OC olg 9 » ¢ § m m. i mL T € r 39
YAUINONOAH SYINN 3A3S QYVONVIS SN SHOM N ONRGd0 IS QIaWwIS SN




¥ WIS EVUEL Y T L

06 AYW 60 3UvQ §98-58  AIG/HLdIA
i ‘ON 31dAVS Z-8 Y1V "ON 9NIN08
. NMONE Xuva '(10) AV AONYS
Qn Oav NOUYOLASSY D
VIHVY ONINIVHL 3414 NIFREEY  1D3r08d o ol 0z
%M IWN 59 id u M
OO 3N I[VO0
W0 0 IS 0 1 oz<mz._8 v dwéo ST18800
SYITFWTIA N 3ZIS NIVHD
taG 0 G000 00 00 (W] S0 i S ot 8.2y 001 005
0ol 0
06 04
08 0z
he]
g o " g
m 83
Z
oF 3
g %® -
2 &
E 0G -
T ;
X 3
M —
m 09 ¢
2 oy 5
R
ot
08
9/.f
06
{ [ I d 114 | 1.1 h ! | { 00t
00Z Obt DOL COL O OF OC OZ 91 Ot 9 v € ..m m.mLN € v 9
YA13INOYAAH SHIFN A3 GHVANVLS SN SIHONI N ONINGJO 3ATS QIWGNVIS SN

D-14




/ X . JAYND NOVYAYYO
/ 06 AVN 60 3LvQ §16-16  AIT/HILA
z! ON 319nvS ¢~8 Viv ‘ON ONIYCE
QW '9dv AVHO () AVD
NOULYDLISSY D
VYV ONINIVEL 3414 NI3QE8Y 133ro¥d . 07 9
%M IYN %9 v ¢ W il
3NU I NRIgIY [ 3suwd ING | EINs)
AVID 20 LS WS RV S318800
SYIINTIA N 3ZiS NIvYD
LoD 5000 100 500 1o 50 1 S ot 05 00t 005
oct 0
06 ot
o8 0z
B¢}
0oL U
Q X
m (9]
; wa | s
m 9 B a
Z
9 , %
1 05 0§ @
@ ~
< =
= il
o oy 09 ¢
Q pe]
3
09 0L
(674 08
o 06
i1 Ly o gty dog
Jid ! 1
0 COZ ObL 001 OL O5 OY OC OZ 91  Oi8 3 ¥ ¢ mm‘ m— W Z ¢ r 29 oot
HINOEAUH SHIMNN 3B Q¥YONvLS 'S'n SHHOM N ONINGAO IS Gvarwis S

III.I!'IHII'II'IIII"""!I




Ut AVRA DU vy 9 610 14 N U/ HId3y
1 “ON J1WS 7-8 ViV ‘ON INRIOS NOUYQYNO ILVHNOIY ¥CH 3GrVS INJIDIAINSNI
. AVH9 ‘(0] AYID AGNVS ATI3AVHD
QN Odv NOUVIIISSYD
V34V ONINVHL 3414 N33038Y - 103r0Nd 6 n 9z
% IVN $9 id d m
I | RS ] 3suvo0 INJ | IO
AVID 0 178 GRS e T $319900
SYAINTIA N IZIS NivyD
1000 5000 100 500 Lo 50 | S ot 05 001 005
001 T 0
06 0l
08 0z
Ls]
o0l o
O D
2 3
2 oy 8 7
g " 2| @
i o
x 05 0S m
o 4]
P &
& o 09 &
Q =
3 A
0f ) / 0L
0z / 08
S SARE
01 // 06
101 .| ] i IR EIEAR N L | 1
0 00Z O¥L 0DL OL O6 O OF OZ 91 OI8 9 ¥ € ..w m_mLN C v 9 oot
HILINOHAAH SN 2315 QUVONVLIS N SHONI N ONINIGO 3\3S IVONVIS 'S




06 NN 62

153080 ‘CN 37divS

AIT/HLd30
"ON 9NIN08

JANND NOIYAYHO

ANVS HIM 1088

00Z Orl 001 OL OS OY OC 0T 9§t 01g 8

SN NS QYvONvLS ‘SN

-t

SHONI N ONING40 3038 GvQNLS 'S

“HOLYDLISSYD
VIV ONINVYL 3¥i3 NI3QM38Y  103r0Nd ot
%M IWN
T N0 [ 300
S
SYILINTIA NI IS NIvYD
1000 Lo 50 ! G 005
004 0
o8 4
3
5 0 of g
o] 3
4 8
o 09 ov 3
M ha
Z
e 3
n 0§ 0§
[39] ~
: =
£ G
a o 09 2
D —_
5
ot oL
o 08
0l 06
L - NP ) !
0 : 001

D-17




06 AVN 60 3IvQ 69-09  AJTB/HLA0 S
i ‘ON 31dvS -8 Vi “ON 9NIJ0S
‘ NMOYE "(TN=10) LTS ATAVIO AQNTS
QR Odv HOLVOLISSY O
Y3Y¢ ONINIvYL 3414 N33RE3Y 133r08d G gl 7
%M N S0 Id d N
NG [ N0 JIEER) INJ 1 B
AV 0 1S anve TV S$318800
SHIATNITIA N 3215 NIveD
1000 5000 100 o L0 50 ! s ot 05 001 005
001 0
06 ot
08 0l
o q
MRV o
2 3
m m m
o 09 ot 3 h_u
g 2
9 %
n 06 0S m
@ <
P s
M e
m 9
3
o¢ 0L
0z 08
Q4
0/0/
Ot ~] —106
™
/-I
0 gife 1l ! e At g byl bl g ol i 1 001
00z Ovt 001 OL O O¥ 0K OZ 91 o018 ¢ ¢ € .\N,‘ w_m._u R
HIFAOHUH SHINN IS QUVaNVIS SN SIONI N ONINGJO A3 RMANWIS 'S'N




i ] NI NOLVYAVYO
05 AVN 60 2V =01l AIT/HLd3Q
Z ON 31gAVS £-8 vigy "ON 9NI¥Og
O 9gy NMONE '(dS) GNVS ATIAAYHO
MNCUVYOIISY O
W3V ONINIVAL 314 N3IQM3EY  1D3M0Nd P 1z 'y
%M YN 59 Id d M
W 0 1S N I oz<mz=au.. [ w00 INJ .mw?.mo T3 <T1890)
SHABAITIN N 3ZIS Nivy9
1000 G000 100 SQ0 10 50 t S oL 05 Oct 005
001 0
06 J/ ot
08 -0z
p \
& O or 3
Q 3
.m m
n 09 ov A
m M
Z
n %
2 05 N, 0S @
o / <
. N H
2 0y 09 €
m : 5
of / oL
0z 08
q 1]
N
(o) N 06
Q
N
- L1l i il NI E A" SN N { .
0 00Z O¥L 001 OL OS5 OY O OZ 9% Dif 98 & ¢ mm W_TN c + 9 oot
YIU3A0HOAH SHIN IS QYYONYIS SN SN N ONINGJO 3A2S QWCNWIS 5N

D-19




JA4ND NOHYAVHO

05 AVN 60 31vQ S§1Z-17  AIB/HIL]
¥ ON 1diwS £-8 VL ‘ON ONI0S
, NMOEE "(NS) ONYS ALTIS
QW 9dv POUYOLISSY O
V34V ONINMAL 3uid N33QM38v 103r08d B N
%M AN $9 id R A Y
- ING I ECEN | EEENE) 3N | Bv0)
A1) S0 1S S eI S318800
SYIINTIA NI 3ZIS NIvaD
1000 c00C 10°0 GO0 10 S0 l 4]} 05 00! oS
0ot T 0
06 10t
08 B Tt v o 28 2 0z
0, - —— -
d -
o oL : s e B —{-0f ®
P
a 09 / N - G lxﬁ oy
: \ :
a \ a
2 05 / - 05 ©
[24]
s ! 1 3
o Oy - 09 ¢
g , -
o / 0L
02 / 08
0l / 06
N
o it b A 1y D Ut g gl ol ! ] 00t
00Z O¥i 00 0L OS OF OC OZ 91 Oif 9 £ umu m_TN £ v 9
YIINOHAH ’ SHIN IS yvONveis §0 SION N ONINIHO 3A38 GIvGNIS ST

D-20




. IAEND NOUYAYO
06 AVW 60 3¥Q 8~y AIE/HIL3A
6 ‘ON 31" vsS £—8 ViV ‘ON ONIdwC
‘ NMONB "(NS—dS) ONYS ALT1S
an Odv HOUVYDIASSY D
V3IdY ONINIWYL 3314 N33QH38Y 103M0yd dN
%M VN SO Id d mn
D 0 118 . N4 I oz<mz:_o£ [ 3swv0d 3N ,mw,,&u IO <T8909
SYILINTTIN NI 3ZIS NVYD
120 5000 100 0 10 50 ] S oL 05 00! 005
00l i’ T * 0
06 g 0t
N , i
03 : /M 0z
. /
M 0L / on%
z 8
3
m 0] (034 ..WJ
z
: , _ K
o 06 - C3 mm
< z
% # ng D
a oy 29 ¢
d / L
m ,
oL / 0L
0¢ M c8
0l 06
N
AN
0 S| f_/_rl i 14 8 1 T | B _ ! oot
00Z Ovi 00: O 05 O O ODZ 91 Gt8 3 » ¢ uJ.m L WL Z ¢ v 9
YIINOBTIH SYIGANN AIS QUYONYIS ‘SN SIHONI N ONIN3<C IATB QWS SN

L-21




JANND NOILLYUYYY

06 AYW 60 IING §UL-2L  AIT/HILA
0l 'ON 31dWVS £-8 vidy "ON 9NIY08
O ‘Odv ANYS HLIM INVOHE *(0) AV
NOILYDLASSYD
Y34V ONINVYL 314 NI3038Y  103M0Nd
LM LN o] 9% gl € w] ¢ o+
N 1 [EL] | ESS N 1 B0
A1) 0 17IS TS BB $378409
SYILIUTIN NI 3ZIS MYHD
1000 00 100 Q0 10 S0 ] S oL o3 001 005
le]} 0
06 o1
08 _ 0z
=
3 oL of w
: s
m 0] ob 3
B
2 &
4 o
o 05 0% @
o) ~<
P &
5 m
a oy 09 ¢
m —
o 0L
0z 08
o SRAL N NN, R ] - L 06
/ #]
~
0 181 - =S i L 1l 18 ) B | I L | 0ol
00z Ol 001 OL OS5 OF O OZ 9 Olf 9 ¢ € ww m_mLN € v 9
YAUINOUAH SYINWN I35 GUYONVLS ‘SN STHONI M ONINGJO 335 QIS SN

D-22




APPENDIX E

WELL CONSTRUCTION DIAGR:MS
GROUND-WATER MONITOR WELLS FTA-M1 THRU FTA-M12




SITE: AFTA
WELL NUMBER: FTA-M
COORDINATES: X -14777 ; Y 63613

DATE COMPLETE:11/1/89

LEVATION DEPTH, FT
TOC 60.42 FT PVC CASING STICK Up
> < 1.79 FT
GROUND
SURFACE——
58.63 FT O FT

< BACKFILL-20 TO 1
CEMENT AND BENTONITE

GROUT

<———4" SCH 40, PVC

8.5

TOP OF BENTONITE

JP
: SEAL

< -~ BENTONITE SEAL

45.13 Z! 13.5
<——TOP OF SAND
PACK
39.03 |E El 19.6
> | <——TOP OF SCREEN
< —— SAND PACK

.01" SLOTTED SCREEN
SCH 40, PVC

ARRRRRR

29.6

< BOTTOM OF SCREEN
31.8

> < BOTTOM OF HOLE




SITE: AFTA

WELL NUMBER: FTA-M2
COORDINATES: X -14443 : Y 63994
DATE COMPLETE:11/20/89

ELEVATION, FT DEPTH, FT

TOC 56.49 FT PVC CASING STICK UP
> < 1.60 FT

GROUND
SURFACE——
Q FT

54.89 FT

BACKFILL-20 TO 1
CEMENT AND
BENTONITE GROUT

<

<

4" SCH 40, PVC

47.89 7.0
TOP OF BENTONITE

SEAL

| <
< ——BENTONITE SEAL

12.0

TOP OF SAND PACK

I

17.9
< TOP OF SCREEN

<——5AND PACK

.01" SLOTTED SCREEN
SCH 40, PVC

<

AEREEER

sy 27.9

H < BOTTOM OF SCREEN
28.2

< BOTTOM OF HOLE
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BITE: AFTA
WELL NUMBER: FTA-M3

COORDINATES: X -14213 ; Y 63530
DATE COMPLETE:10/7/89
ELEVATION, FT DEPTH, FT
TOC 59.26 FT PVC CASING STICK UP
> < 1.93 FT
GROUND
SURFACE—
57.33 FT 0 FT
< BACKFILL-20 TO 1
CEMENT AND BENTONITE
GROUT
<——4" SCH 40, PVC
52.33 El 5.0
> < TOP OF BENTONITE
% SEAL
< —— BENTONITE SEAL
46.83 ¥| 10.5
> -:-4< TOP OF SAND PACK
42.12 i 15.2 :
> < TOP OF SCREEN
— |# | <« ——— SAND PACK
—_— | .01" SLOTTED SCREEN
—_— SCH 40, PVC
32.13 S 25.2
BOTTOM OF SCREEN
> J< BOTTOM OF HCLE




SITE: AFTA

WELL NUMBER: FTA-M4
COORDINATES: X =-14230 ; Y 63517
DATE COMPLETE:10/12/89

ELEVATION, FT DEPTH, FT

TOC 59.57 FT PVC CASING STICK UP
> < 2.39 FT

GROUND
SURFACE——
0 FT

57.18 FT

BACKFILL=-20 TO 1
CEMENT AND
BENTONITE GROUT

<

<——4" SCH 40, PVC

47.18 10.0
TOP OF BENTONITE

SEAL

<

| <— BENTONITE SEAL

15.0

< TCP OF SAND PACK

37.18 | £1 20.0
> |8 HE TOP OF SCREEN

< SAND PACK

.01" SLOTTED SCREEN
SCH 40, PVC

<

: 30.0

#H1c BOTTOM OF SCREEN
# sl 30.6

> < BOTTOM OF HOLE




SITE: AFTA

WELL NUMBER: FTA-MS
COORDINATES: X -14445 : Y 63219
DATE COMPLETE:10/27/89

ELEVATION, FT DEPTH, FT
TOC 63.13 FT PVC CASING STICK UP
> < 1.87 FT
GROUND
SURFACE——
61.26 FT 0 FT

<

BACKFILL-20 TO 1
CEMENT AND
BENTONITE GROUT

#|< 4" SCH 40, PVC

48.26 13.0

il % TOP OF BENTONITE
g SEAL

< == BENTONITE SEAL

18.0

TOP OF SAND PACK

<

36.36 |i il 24.9
> i< TOP OF 5CREEN

< ——- SAND PACK

< .01" SLOTTED SCREEN

SCH 40, PVC

RERRRRE

< BOTTOM OF SCREEN
: (| 35.3
> < BOTTOM OF HOLE

C e ot~ - -
- ,




SITE: AFTA

WELL NUMBER: FTA-~-M6
COORDINATES: X -14632 : Y 63274
DATE COMPLETE 10/28/89

ELEVATION, FT DEPTH, FT
TOC 63.05 FT PVC CASING STICK UP
> < 2.00 FT
GROUND
SURFACE
61.05 FT 0 FT
| <—— BACKFILL-20 TO 1
: CEMENT AND |
BENTONITE GROUT
< 4" SCH 40, PVC
48.55 12.5
<——TOP OF BENTONITE
? i SEAL
N | < —— BFNTONITE SEAL
5 43.55 |] El 17.5
B >— | <———TOP OF SAND PACK
g :
= 36.95 |: 24.1
51 >|i <———TOP OF SCREEN 1x
.} . ——
é% ~ |&|<———SAND PACK
R ~—— |Z] ¢==—.01" SLOTTED SCREEN
j —_ SCH 40, PVC
26.95 |E|-——|Z| 34.1
> | < BOTTCM OF SCREEN
26.55 34.5

> < BOTTOM OF HOLE




SIWVE: AFTA

WELL NUMBER: FETA-M7
COORDINATES: X =-14808 ; Y 63342
DATE COMPLETE:11/27/89

ELEVATION, FT DEPTH, FT

TOC 61.05 FT PVC CASING STICK UP

> <—1.53 FT
GROUND
SURFACE——
59.52 FT 0 FT
< BACKFILL-20 TO 1
CEMENT AND
BENTONITE GROUT
<——4" SCH 40, PVC
48.52 11.0
< TOP OF BENTONITE
SEAL
.| < ——BENTONITE SEAL
43.52 | 16.0
< TOP OF SAND PACK
37.42 Bl 22.1
> | < TOP OF SCREEN
— |i | ¢ —— SAND PACK
— || ¢ . 01" SLOTTED SCREEN
—_ SCH 40, PVC
27.42 |8 — ] 32.1
Nt P BOTTOM OF SCREEN
i 33.5
> < BOTTOM OF HOLE




SITE: AFTA
WELL NUMBER: FTA-M3
COORDINATES: X -15018 : Y 63395
DATE COMPLETE:12/3/89
ELEVATION, FT DEPTH, FT
TOC 61.97 FT PVC CASING STICK UP
> | < 2.58 FT
GROUND
SURFACE——
$9.39 FT 0 FT
< BACKFIILL-20 TO 1
CEMENT AND
BENTONITE GROUT
< 4" SCH 40, PVC
48.39 11.0
< TOP OF BENTCNITE
SEAL
< BENTONITE SEAL
43.39 |F 2] 16.0
> — — < TOP OF SAND PACK
.36.39 23.0
> < TOP OF SCREEN
— || <= SAND PACK
- |E[< .01" SLOTTED SCREEN
— |& SCH 40, PVC
26.39 — &l 33.0
> El< BOTTOM OF SCREEN
25.89 il 33.5
> < BOTTOM OF HOLE




SITE:
WELL NUMBER:
COORDINATES:

DATE COMPLETE:11/30/89

ELEVATION, FT

TOC 61.35 FT
>

AFTA

ETA-M3

X ~15196 ; Y 63459
DEPTH, FT

PVC CASING STICK UP

<——1.87 FT

GROUND

59.48 FT

48.48

<

SURFACE

0 FT

BACKFILL-20 TO 1
CEMENT AND
BENTONITE GROUT

<——4" SCH 40, PVC

<

11.0

TCP OF BENTONITE
SEAL

< -——-BENTONITE SEAL

<

16.0

22.5

26.98

RERERER

<

<

<

32.5

25.98

<

33.5

<

TOP OF SAND PACK

TOP OF SCREEN
SAND PACK

.01" SLOTTED SCREEN
SCH 40, PVC

BOTTOM OF SCREEN

BOTTOM OF HOLE




SITE: AFTA

WELL NUMBER: FTA-M10
COORDINATES: X ~14446 ; Y 628338

DATE COMPLETE:10/14/89

ELEVATION, FT

oC 65.11 FTr—————

DEPTH, FT

< 1.90 FT

>

GROUND
SURFACE~——

63.21 FT

46.21

<

BACKFILL-20 TO 1
CEMENT AND
BENTONITE GROUT

<

4™ SCH 40, PVC

17.0
TOP OF BENTONITE
SEAL

<

2| <—— BENTONITE SEAL

8| 22.0 ,
— <——TOP OF SAND PACK

27.0
< TOP OF SCREEN

ARERARR

< SAND PACK

SCH 40, PVC

BOTTOM OF SCREEN

J < BOTTOM OF HOLE

E-10

PYC CASING STICK UP

<-—me~ . Q1" SLOTTED SCREEN



SITE: AFTA

WELL NUMBER: FTA-M11
COORDINATES: X =-14251 ; Y 63893
DATE COMPLETE:11/22/89

ELEVATION, FT DEPTH, FT
TOC 55.92 FT PVC CASING STICK UP
> < 1.74 FT
GROUND
SURFACE——

54.18 FT 0 FT
% < BACKFILL-20 TO 1
4 CEMENT AND
A BENTONITE GROUT
&3 <——4" SCH 40, PVC
Gd
£
z4 48.18 6.0
i3 > < TOP OF BENTONITE
{9 SEAL
& ‘: s
& S < BENTONITE SEAL
s 43.18 2l 11.0
%ﬁ > —{ <———TOP OF SAND PACK
o

(£

-
kY

.

TR

i

2] 15.0
< TOP OF SCREEN

< SAND PACK

| <~=-—.01" SLOTTED SCREEN
: SCH 40, PVC

RRRRREN

BOTTOM OF SCREEN

BOTTOM OF HOLE




8ITE:

WELL NUMBER:
COORDINATES:

AFTA

SR X 3

FTA-M12

X =-14513 : Y 64373

DATE COMPLETE:11/24/89

ELEVATION, FT

TOC 57.76 FT

>

DEPTH, FT

PVC CASING STICK UP
<——2.49 FT

GROUND

55.27 FT

”“"'”1kﬁ%*fm
IR

i
a
o W

49.77

<

SURFACE———
O FT

<

BACKFILL-20 TO 1
CEMENT AND
BENTONITEGROUT

<

4" SCH 40, PVC

5.5
<

TOP OF BENTONITE
SEAL

< ——BENTONITE SEAL

10.5

TOP OF SAND PACK

16.5

AEERREY

< TOP OF SCREEN

< S2AND PACK

< .01" SLCTTED SCREEN

SCH 40, PVC

26.5

< BOTTOM OF SCREEN
27.5

E-12

J < BOTTOM OF HOLE



APPENDIX F

7z SURVEY DATA
e GROUND-WATER MONITOR WELLS FTA-M1 THRU FTA-M12
i AND SOIL BORINGS FTA-Bl THRU FTA-B3

TR




___APG COORDINATES

WELL # X Y

FTA-M1 -14776.98 63612.79
FTA-M2 -14443 .27 63994 .53
FTA-M3 -14213.29 63529.95
FTA-M4 -14230.20 63516.79
FTA-M5 -14444 87 63218.74
FTA-M6 -14632.43 63274.29
FTA-M7 -14808.11 63342.49
FTA-M8 -15018.05 63395.06
FTA-M9 -15196.18 63458.79
FTA-M10 -14446 .43 62838.49
FTA-M11 -14250.87 63892.67
FTA-M12 -14513.24 64373.20
WELL 1040 -14227 .43 62188.76
WELL 1041 -14277.31 62411.19

__APG COORDINATES

BORING # b4 Y

FTA-SBl -14808.70 €3591.24
FTA-SB2 -14442 .10 63958.42
FTA-SB3 -14214 .32 63492.48

F-1

ELEVATION, FT
TOP OF
PVC

6G.
56.
59.
59.
63.
63.
61.
61.
61.
65.

GROUND
SURFACE

58.
S&.
57.
57.
61.
61.
59.
59.
.48
63.
S4.
55.
55.
58.

59

63
89
33
18
26
05
52
39

21
18
27
33
61

GROUND SURFACE
ELEVATION, FT

58.99
55.54
57.08

42
49
26
57
13
05
50
97
35
11

- -

s R R B R A T
Tt e i o TR - .
RIS .:.*‘»:;)_"f.‘if. TR SRR



APPENDIX G

WATER LEVEL DATA FOR AFTA WELLS
DECEMBER 1989 THRU OCTOBER 1990

e B P

R I )




Tt A
i

"’}"“ﬁ X Rt

e 3

WATER LEVEL ELEVATION IN FEET (imsl)

1989 ‘ 1990

WELL # 12 DEC 12 JAN 28 FEB 26 MAR 30 MAY 28 JUN 31 OCT
FTA-M1 32.27  32.02  31.98  31.9  32.54  33.08  32.11
FTA-M2 32.99  32.82  32.96  32.82  33.49  33.93  32.91
FTA-M4 32.97  32.67  32.62  32.59  33.10  33.63  32.79
FTA-M5 32.53  32.18  32.03  32.05  32.50  33.05  32.21
FTA-M6 32.35  31.98  31.83  31.81  32.32  32.87  32.05

: FTA-M7 32.00 31.78  31.62  31.55  32.21  32.77  31.92

& " FTA-M8 31.87  31.49  31.40  31.34  31.87  32.52  31.55

e %

@ FTA-M9 31.55  31.20  31.17  31.10  31.75  32.33  31.29

p FTA-M10 32.26  31.96  31.7°  31.78  32.25  32.79  32.03

o

4 FTA-M11 33.17  32.97  33.07  32.92  33.66  34.07  33.09

~ FTA-M12 33.46  33.16  33.42  33.24  33.91 34,28  33.18

)

%, NOTE : Well FTA-M3 is dry.

i

A

#

.

X G-1

y

""A"-" S ¢ Prgtay ~ L e - YIS -~ v~ <
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APPENDIX H

WATER LEVEL DATA FOR WELLS AA-1 THRU AA-2
AUGUST 1986 THRU MARCH 1990




WATER LEVEL ELEVATION IN FEET (msl)

DATE, AA-1 AA-2 AA-3 AA-4 AA-S
9/10/86  29.90  31.35  33.63  38.02  27.51
12/15/86  29.00 38.29  26.65
2/12/87  29.67  31.25  33.3&  40.60  27.07
3/20/87  30.13  32.14  33.73  41.31  27.30
4/27/87  30.40  32.49  34.30 40.98  27.68
5/29/87  30.42  32.41  34.44  40.64  27.75
6/30/87  30.20  32.07 40.32
7/264/87  29.86  31.74  34.05  39.58  27.51
8/20/87  29.73  31.55  33.88  38.80  27.36
9/25/87  29.45  31.05  33.23  38.87  27.18
10/26/87  29.26  30.82  33.11  38.38  27.22
11/24/87  29.01  30.53  32.83  38.02  26.95
12/28/87  28.75  30.20  32.44 26.82
1/29/88  28.51  30.19  32.38  38.32  26.71
2/29/88  28.82  30.59  32.63  39.46  26.74
3,28/86  29.27  31.35  33.05  40.22  27.01
4/13/88  29.21  31.53  33.22  40.41
5/27/88  29.91  32.35  33.58  42.48  27.36
6/20/88  30.31  32.8%  34.67  41.89  27.61
7/12/88  30.31  32.72  34.88  41.29  27.73
8/ 2/88  30.38  32.63  35.17  40.70  27.86
9/ 7/88  30.06  32.36  34.85  40.92  28.01
12/28/88  29.50  31.55  34.15  40.80  27.48
1/27/89  29.41  31.55  33.88  41.22  27.26
4/28/89  31.01  33.55  35.27  43.90  27.86
7/31/89  33.27  35.53  37.38  45.62  29.21
10/23/89  33.13  35.22  37.03 44,12  29.93
1/11/90  33.42  35.06  37.36  43.30  30.49
3/28/90  32.88  35.15  37.01  44.12  29.55
H-1
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PARAMETERS UNIT FTASB2 FTASB3 FTASB3SP FTASB3OF
1,2, a-TRICHLCROBENZENE mg/L BDL 50.000000  BDL 50.000000  BDL .250000  BDL .250000
1,2-DICHLOROBENZENE mg/L BDL 50.000000 BDL 50.000000  BDL .250000  BDL .250000
1,2-DIPHENYLHYDRAZINE mg/L BDL 50.000000 BDL 50.000000 BDL .250000  BDL .250000
1,3-DICHLOROBENZENE mg/L BDL 50.000000  BDL 50.000000  BDL .250000  BDL .250000
1, 4-DICHLOROBENZEINE mg/L BDL 50.000000 BDL 50.000000 BDL .250000 BDL .250000
2,4,5-TRICHLOROPHENOL mg/L BDL 50.000000  BDL 50.000000 BDL .250000  BDL .250000
2,4,6-TRICHLOROPHENOL mg/L BDL 50.000000  BDL 50.000000  BDL .250000  BDL .250000
2, 4~DICHLOROPHENCL mg/L BOL 50.000000 BDL 50.000000 BDL .250000  BDL .250000
2, 4-DIMETHYLPHENOL mg/L BDL 50.000000 BDL 50.000000  BDL .250000  BDL .250000
2, 4-DINITROI'JENOL mg/L BDL  250.000000 BDL  250.000000 BDL 1.200000 BDL 1.200000
2-CHLORONAPBTRALENE mg/L BLL 50.000000  BDL 50.000000  BDL .250000  BDL .250000
2-CHLOROPHENOL mg/L BODL 50.000000 BDL 50.000000 BDL .250000 BDL .250000
2-METHYL-4,6-DINOTROPHENOL mg/L BDL  250.000000 BDL  250.000000 BOL 1,200000 BDL 1.2n0060
2-METHYLNAPHTBALENE mg/L 140.000000 100.000000 BDL .250000  BDL .250000
2-METHYLPHENOL mg/L BDL $0.000000  BDL 50.000000 BDL .250000  BDL .250000
2-NITROANILINE mg/L BDL  250.0G60G00 BDL  250.000000 BOL 1.200000 BDL 1.200000
2-NITROPHENOL mg/L BDL 50.000000  BDL 50.000000  BDL .250000  BDL .250000
3,3-DICHLOROBENZIDINE mg/L BDL 100,000000 BDL  100.000000  BDL .500300 BDL .500000
3-NiTROANILINE mg/L BDL  250.000000 BDL  250.000000 EDL 1.200000 BDL 1.200000
4~-BROMOPHENYL ETHER mg/L BDL 50.000000 BDL 50.000000 BOL .250000 BDL .250000
4-CHLORO- 3-METHYLFHENOL mg/L BDL 100.000000 BDL  100.0000G0  BDL .500000  BDL .500000
4-CHLORCANILINE mg/L BDL 106.000000 BDL  100.000000 BDL .500000 BADL .500000
4-CHLOROPHENYL PHENYL ETHER mg/L BDL 50.000000 BDL 50.000000 BDL .250000  BDL .250000
4 ~METHYLPHENOL mg/L BOL 50.000000 BDL 50.000000 BDL .250000 BDL .250000
4-NITROANILINE mg/L BDL  250.000000 BDL  250.000000  BOL 1.200000 BDL 1.200000
4~NITROPHENOL mg/L BDL  250.000000 BDL  250.000000 BDL 1.200000 BOL 1.200000
ACENAPHTHENE mg/L BOL 50.000000 BDL 50.000000 BODL .250000  BOL .250000
ACENAPETHYLENE mg/L  BDL 50.000000 BDL 50.000000 BDL .250000  BDL .250000
ANILINE mg/L BDL 100.000000 BDL  100.000000  BDL .500000 BDL .500000
ANTHRACENE mg/L BDL 50.000000 BDL 50.000000  BDL .250000  BDL .256000
BENZIDINE mg/L BDL  250.000000 BDL  2350.000000  BDL 1.200000 BOL 1.200000
BENZO(a)ANTHRACENE mg/L BDL 50.000000 BDL 5¢.000000  BDL .250000  BDL .250000
BENZO (a)PYRENE mg/lL BDL 50.000000  BDL 50.000000  BDL .250000  BDL .250000
BENZO(b)FLUQRANTHENE mg/L BDL 50.000000  BDL 50.000000  BDL .250000  BDL .250000
BENZO(g,h, i )PERYLENE mg/L BOL 50.000000 3DL 50.000000  BDL .250000  BDL .250000
BENZO(k ) FLUORANTHENE mg/L BDL 50.000000  BDL 50.000000 BODL .250000  BDL .250000
BENZOIC ACID mg/L BDL  250.000000 BDL  250.000000  BD! 1.200000 BDL 1.200000
BENZYL ALCOBOL mg/L BDL 100.000000 BDL  100.000000 .920000 1.800000
- BIS(2-CHLOROETHOXY }METHANE mg/L BDL 50.000000 BDL 50.000000  BOL .250000  BDL .250000
BIS(2-CHLORQETHYL)ETHER mg/L BOL 50.000000 BOL 50.000000  BDL .250000 BDL .250000
BIS(2-CHLOROISOPROPYL)ETHER mg/L EDL 50.000000 BDL 30.000000  POL .250000  BOL .250000
BIS(2-ETHYLHEXYL)PHTHALATE mg/L BDL 50.000000 BODL 50.000000 BDL .250000  BDL .250000
BUTYLBENZYLPHTHALATE mz/L BDL 50.00C000 BOL 50.000000  BDL .250000  BDL .250000
CHRYSENE mg/L BDL 50.000000  BDL $0.000000  BDL .250000  BDL .250000
B8DL Below Datection Limit
#1 Samples contained an oil layer, values rspotted are for water layer only
#3 Pat.roleum hydrocarbon concentrations estimated at 300 ppm
[ L] Petroleum hydrocarbon concentrations sstimated at 200 ppw
3 Petroleum hydrocarbon concentrations estimated at 0.95 ppm
4 Petroleum hydrocarbon concentrations estimated at 1.2 ppm
» Diluted Lut

I-1




FTASBISP

.250000
.250000
.250000
.250000
.250000
.250000
.250000
.250000
.250000
.250000
.250000
.250000
.250000
.250000
.250000
.250000
.250000
.250000
.250000

BOL
BDL
BDL
BOU

BDL

BDL

BDL

-

.200000

.170000
.250000
.250000
.161000

2130,
ik,

000000
800000

.372000
. 468000

13.

oy

500000

.000000

.250000
.250000
.005000
.007000
.005000
. 006600
.038000
.038000
.248000
.000400
.013000
.005000

11,

600000

. 003000

PARAMETERS UNIT FTASB2 FTASB3
DI-N-OCTYLPHTEALATE mg/L BDL 50.000000 BOL 50.000000
DIBENZO(a, h)ANTHRACENE mg/L BDL 50.000000 BDL 50.000000
DIBENZOFURAN mg/L BDL 50.0600006 BDL 50.000000
DIBUTYLPHTBALATE mg/L BOL 50.000000 BDL 50.000000
DIETHYL PHTHALATE mg/L BDL 50.000000 BUL 50.000000
DIMETHYL PHTHALATE og /L BDL 50.000000 BDL 50.000000
FLUORANTHENE mg/L BDL 50.000000 BDL 50.000000
FLUORENE wmg/L  BDL 50.000000 BDL 50.000000
HEXACHLOROBENZENE mg/L BDL 50.000000 BDL £0.000000
HEXACHLOROBUTADIENE mg/L BDL 50.000000 3DL 50.000000
BEXACHLOROCYCLOPENTADIENE mg/L BDL 50.000000 BDL 50.000000
HEXACHLOROETHANE mg/L BDL 50.000000 BOL 50.000000
INDENO(1,2,3-c,d)PYRENE og/L BDL 50.000000 BDL 50.000000
ISOPHORONE mg/L BDL 50.00000¢  BDL 50.000000
N-NITROSO-DI-METHYLAMINE mg/L BDL 50.000000 BDL 50.000000
N-NITROSO-DI-N-PROPYLAMINE w=mg/L BDL 50.000000 BOL 50.000000
N-NITROSO-DI-PHENYLAMINE mg/L BDL 50.G00000  BDL 50.000000
NAPHTHALENE mg/L BDL 50.000000 BDL 50.000000
NITROBENZENE mg/L BDL 50.000000 BDL 50.000000
PENTACHLOROPHENOL mg/L. BDL  250.000007 BDL  250.000000
PHENANTHRENE mg/L 63.000000 24.000000
PHENOL mg/L BDL 50.000000 BDL 50.000000
PYRENE / mg/L BDL 50.000000 BDL 50.000000
AMMONIA NITROGEN mg/L  #1 .140000 #1 .278000
CHEMICAL OXYGEN DEMAND ag/L #1 9845.300000 #1 5550.000000
CHLORIDE mg/L 26.500000 19.800000
NITRATE NITROGEN mg/L  #1 2.380000 #1 .992000
ORTHOPHROSPHATE mg/L 1 1.120000 1 2.210000
SULFATE mg/L 24.400000 19.000000
TOTAL ORGANIC CARBON mg/L -- -~

2, 4-DINITROTOLUENE mg/L BDL 50.000000 BDL 50.0060000
2, 6-DINITROTOLUENE mg/L BDL 50.000000  BDL 50.000000
ANT (MONY mg/L BDL .005000 BDL .005000
ARSENIC mg/L .007G00 .010000
BERYLLIUM ng/L  BDL .005000 BDL .005000
CADMIUM mg/L .037200 .930500
CHROMIUM mg/L . 093008 .054000
COPPER og/L .287000 .455000
LEAD mg /L $.770000 2.530000
MERCURY mg/L BDL .000400  BDL .000400
NICKEL mg/L .061000 .055000
SELENIUM mg/L BDL .005000  BDL .005000
SILICON og /L 25.8v0000 45.000000
SILVER mg/L .0010C0 .004000
BDL Below Detection Limit

#1 Samples contained an oil layer, vasiues reported are for water layer only
3 Patroleum hydrocarbon concentrations estimated st 300 ppm

4 Potroleum hydrocarbon concentrations sstimated at 200 ppm

#3 Petrolesum hydrocarbon concentrations estimsted at 0,95 ppm
#3 Pstroleum hydrocarbon concentrations estimated at 1.2 ppm

#7 Diluted Qut

I-2

BDL
BDL
BDL

BDL

BDL

BDL

FTASB3OF

.250000
.250000
.250000
.250000
.250000
.250000
.250000
.250000
.250000
.250000
.250000
,250000
.250000
.250000
.250000
.250000
.250000
.250000
.250000 -

-

.200000

.130000
.250000
.250000
.226000

1830.
20

000000

.20C000

.172000
439000

10.
768,

400000
000000

.250000
.250000
.005000
.005000
. 005000
. 006200
.023000
.030000
.193000
. Q00400
.011000
.005000

~

.110000

.004000




PARAMETERS UNIT FTASB2 FTASE3 FTASBAISP FTASB30OF
THAL..IUM mg/L BDL .001000  BDL .001000 BDL .001000  BDL .001000
ZINC mg/L 2.670700 2.620000 . 425000 ,382000
OlL & GREASE mg/L 34763.000000 115§6.000000 BDL 83.000000 BDL 83.000000
PCB 1016 mg/L BDL ,004000 BOL .002000 BDL .000200  BDL .000200
PCB 1221 og/l. BDL .004000 BDL .002000  BDL .000200 BDL .000200
PCD 1232 mg/L BDL .004000  BDL .002000 BDL .000200 BOL .000200
PCB 1242 mg/L BODL .004000  BDL .002000  BDL .000200 BDL .000200
PCB 1248 mg/L BDL .004000  BDL .002000 BDL .009200 BDL .000200
PCB 1254 mg/L BDL .004000  BDL .002000  BDL .000200 BDL . 000200
PCB 1260 mg/L BDL .004000  BDL .002000 BDL .000200  BDL .000200
ALDRIN ng/L BDL .000200  BDL .000104  BDL .000010  BDL .000010
CHLORDANE mg/L BDL .004000  BDL .002000 BODL .000200 BDL .000200
DIELDRIN mg/L BDL .000200  BDL .000100 BDL .000010  BODL .000010
ENDOSULFAN I mg/L BDL .000200 BDL .000100 BDL .000010 BDL .000010
ENDOSULFAN 11 mg/L BDL ,000200 .003300 BDL .000010 BDL .000010
ENDOSULFAN SULFATE mg/L BDL .000200 BDL .000100  BDL .000010 BDL .000010
ENDRIN mg/L BOL ,000200  BDL .000100  BDL .000010  BDL .000010
ENDRIN ALDEHYDE mg/L BDL .000200 BDL .000100  BDL .000010  BDL .000010
HEPTACHLOR mg/L BDL .000200 BDL .000100 BDL .000010  BDL .000010
HEPTACHLOR EPOXIDE mg/L BDL .000200  BDL .000100  BDL .000010 .000140
METHOXYCHLOR mg/L BOL .000200  BDL .000100  BDL .000010  3DL .000010
PPODD mg/L BDL .000200  BDL .000100  BDL .000010  BDL .000010
PPDDE mg/L BDL .000200 BDL .000100  BDL .000010 BDL .000010
PPDDT mg/L BDL . 000200 .011000 .048000 . 024000
TOXAPHENE mg/L BOL .004000  BDL .002000  BODL .000200  BDL . 000200
a-BBC mg/L BDL .000200 BDL .000100  BDL .000010  BDL .000010
b~BHC mg/L BDL .000200  BDL .000100  BDL .000010  BDL .000010
d-BHC mg/L BDL .000200  BDL .000100  BDL .000010 BDL .000010
s-BHC mg/L BDL . .000200 BDL .000100  BDL .000010  BDL .000010
1,1, 1-TRICHLORQETHANE mg/L BDL .050000  BDL .G50000 BDL .050000 BDL .050000
1,1,2,2-TETRACHLOROETBANE  mg/L BDL .050600  BDL .050006 BDL .050000 BDL .0350000
1,1,2-TRICHLOROETHANE mg/L BDL .050000  BDL .050000  BDL .050000 BDL .050000
1, 1-DICHLOROETHANE mg/L BDL .050000 BDL .050000 BDL .050000  BULL .050000
1, 1-DICHLOROCETHENE mg/L EBDL .050000  BDL .050000  BDL .050000 BDL .050000
1, 2-DICHLOROETHANE mg/L BOL .050000 BULL .050000 BDL .050000 BDL .050000
1, 2-DICHLOROPROPANE mg/L BDL .050000 BDL .G50000 BDL .050000 BDL .050000
2-BUTANONE mg/L BOL 1.000000 BDL 1.000000  BDL 1.000000 BDL 1.000000
2-CHLCROETHYLVINYLETEER mg/L BDL .100000  BDL .100000  8DL .100000 BDL .100000
2-HEXANONE mg/L 1.300000 .360000 .880000 1.600000
4-METHYL-2-FENTANONE mg/L BOL .500000  BDL .300000  BOL .500000 BOL . 500000
ACETONE ng/L 110.000000 95.000000 67.000000 62.000000
ACROLEIN mg/L BDL 1.000000 BDL 1.000000 BDL 1.000000 BDL 1.000000
ACRYLONITRILE mg/L BDL 1.000000 BDL 1.000000 BOL 1.000000 BDL 1.000000
BDL Below Detection Limit
#1 Samples contained an oil layer, values raported are for water layer only
#3 Petroleum hydrocarbon concentrations estimatasd at 300 ppm
#4 Petroleum hydrocarbon concentrations estimated at 200 ppe
3 Petroleum hydrocarbon concentrations estimated at 0.35 ppm
[ &) Petroleum hydrocarbon concentrations estimated at 1.2 ppm
" Diluted Qut

1.3




BENZENE

BROMOD ICHLOROMETHANE
BROMOFCRM

BROMMETEANE

CARBON TETRACHLORIDE
CARBONDISULFIDE
CHLOROBENZENE
CHLOROETHANE

CHLOROFORM
CHLOROMETHANE
CIS-1,2-DICHLOROETHENE
€I5-1,3-DICHLOROPROPENE
DIBROMOCHLCOROMETHANE
ETHYLBENZENE

METHYLENE CHLORIDE
STYRENE

T-XYLENE
TETRACHLOROETHENE
TOLUENE
TRANS-1,2-DICHLOROETHENE
TRANS-1, 3-DICHLOROPROPENE
TRICHLOROETHENE

VINYL ACETATE

VINYL CHLORIDE

2,4, 6-TRIBROMOPHENCL-S
2-FLUCROBTPHENYL-3S
2-FLUORCPHENOL-S
NITROBENZENE-D5-S
P-TERPHENYL-D14-S
PHENOL-D5-S
1,2-DICHLOROETHANE-D4-S
4-BROMOFLUOROBENZENE-S
TOLUENE-T8-S

mg/L

mg/L
mg/L
mg /L
wg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg /L
mg/L

NNNNNNNNN;
~
e

BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL

BDL

BDL

BDL
BDL
BDL
BDL
BDL
| 24
#3
»”7
3

k]
-

#7

92.
85.

FTASB3
.110000 .130000
.050000 BOL .050000
.050000 BDL .850000
.100000 BDL .100000
.€50000 BDL .050000
.050000  BDL .050000
.350000 BDL .N50000
.100000 BDL .100000
.050000 BDL .050000
.100000  BDL .1000G0
.050000 BDL .050000
.030000  BDL .050000
.050000 BDL .05C000
.050000  3DL .050000
. 489000 .078000
.050000 BDL .053000
.074000 .123000
.050000 BDL .050000
.083000 .073000
.050000  BDL .050000
.050000 BDL .050000
.050000  BDL .050000
.500000 BOL .500000
.100000  BBL .100000
.000000 »” .000000
.000000 #4 .000000
. 000000 #7 .000000
.000000 #4 . 000000
.000009 [ 3 .000000
.000000 7 . 000000
500000 108.000000
150000 104 . 000000
400000 84.000000

75.

BOL
BDL
BDL
BDL
BDL
BDL
BOL
BDL
BDL
BDL
BDL
BDL

BDL

BDL

BDL
BDL
BDL
BDL
BDL
#7
#5
L 44
#5
#5
+7

FTASB3SP

.200000
.050000
.050000
.100000
.050C00
.05000¢C
.050000
.100000
.050000
.100000
.050000
.050000
.050000
.064000
.100000
.€50000
.470000
.050000
.360000
.050900
.050000
.050000
.500000
.100000
.000000
. 600000
.000000
.000000
. 000000
.000300
115.000000
118.000000
11..000000

BDL Baslow Detection Limit

$1 Samples contained an cil layer, values reported are for water layer only
3 Patroleum hydrocarbon concentrations estimated at 300 ppm

#4 Patrolesum hydrocarbon concentrations estimated at 200 ppm

#3 Petroleum hydrocarbon concentrations estimatsd at 0.35 ppm

# Petroleum hydrocarbon concentrations estimated at 1.2 ppm

#7 Dilutad Qut
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BDL
EDL
BDL
BOL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL

BDL

BDL

BDL
BDL
BDL
BDL
BDL
#7
#6
#7
#6

#7

FTASB3OF

.210000
.050000
.050000
.100000
.050000
.050009
.050000
.100000
.050000
,100000
.050000
.050000
.050000
.081000
.160000
.050000
470000
050000
.370000
.050000
.050000
.050000
.500000
.100000
.000000
000000
.000000
000000
000000
000000
107.000000
110.000000
79.000000
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PARAMETERS UNIT METHOD BLANK
1,2, 4-TRICHLOROBENZENE mg/L .-
1,2-DICHLOROBENZENE mg/L -~
1,2-DIPHENYLBYDFAZINE me /L -

1, 3-CICHLOROBENZENE mg/L -~

1, 4-DICHLOROBENZENE mg/L -
2,4, 5-TRICHLOROPHENOL mg/L --

2, 4,6-TRICHLCROPHENOL og/L --

2, 4-DICHLOROPEENDL mg /L --

2, 4~-DIMETEYLPHEROL mg/L --
2,4-DINITROPHEROL mg/L --
2~CBLORONAPHTHALENF T8/ L -~
2-CHLOROPHENOL g /L --
2-METHYL -4, 6-DINOTROPHENOL mg/L -~
2-METHYLNAPH THALENE mg /L --
2-METHYLPHENOL mg /L --
2-NITHCANILINE mg /L -
2-NITROPHENCL mg /L --
3,3~-DICHLOROBENZIDINE mg /1 -~
3-NITROANIL:NE mg /L --
4-BROMOPHENYIL, ETHER mg/L --
4-CHLORO-3-METHYLFHENCL mg/L -~
4-CHLORCANILINE m3/L -
4-CHLORCPHENYL PHENYL ETHER og/l -
4-METHYLEHENOL mg/L --
4~NITROANILINE mg /L --
4-NJTROPHENOL mg /L --
ACENAPHTHENE mg /L --
ACENAPHTHYLENE mg /L --
ANILINE mg/L b
ANTHRACENE mg /L .-
BENZIDINE mg /L --
BERZO(a)ANTHRACERE mg/L --
BENZO(2)PYRENE mg/L e
BENZO(b )FLUORANTHERE mg/L --
BENZO(g,h, " JFERYLENE my /L .-
BENZO(X JFLUORANLHENE mg /L .-
BENZOIC ACID mg /L -~
BENZYL ALCOHCL me/L --
BIS(2-CHLORQETEOXY }METHANE mg /L -
BI3{2~CHLORCETHYL JETHER /L --
BIS(2~-CHLCOROISCFROPYLIETHER  mg/L --
B1S(2-ETHYLHEXYL)PHTHLALATE mg /L .-
BUTYLBENZYLPHTHALATE mg /L b
CHRYSENE mg /L -
BOL Below Detaction Limit )

[ 2} Sampies contained an o1l layer, valuss rapu:ted sre Zor watsr layer only
3 Petroleum hydrocarbon concentrations sstimated at 300 ppm
# Petroleum hydrocarbon zoncentrations estimated at 200 ppm
3 Potroleum hydrocarhen concentrations sstimated ac 0.95 ppm
# Pstrolewn hydrocarbon toncentrations estimated at 1.2 ppm
4 Dilutc Out

I-5



PARAMETERS UNIT METHOD BLANK
DI-N-OCTYLPHTHALATE mg/L --
DIBENZO(a. h)ANTHRACENE ma/L .-
DIBENZOFURAN ng/L .-
DIBUTYLPHTHALATE mg/L --
DIETHYL PHTHALATE mg/L --
DIMETEYL PHTHALATE mg/L .-
FLUCRANTHEN mg /L --
FLUCRENE mg/L --
HEXACALOROBENZENE og/L --
HEXACHLORCBUTADIENE mg /L --
HEXACHLOROCYCLOPENTADIENE mg/L --
HEXACALOCROETRANE ag /L -
INDENG(1,2,3-c.d)PYRENE mg/L .-
ISCPHCRONE og/L .-
N-NITROSO-DI-METSYLAMINE ag/L --
N-NITROSO-DI-M- PROPYLAMINE mg/L -
N-NITROSO-D1- PHENYLAMINE mg/L -~
NAFHTHALENE mg/L --
NITROBENZENE og/L --
PENTACKLOROPHENOL mg/L -
PEENANTHRENE mg /L .-
PHENCL og/L -~
PYRENE ag/L .-
AMMONIA NITROGEN mg/L --

9 CHEMICAL QOXYGEN DEMAND og/L .-
ey, CHLORIDE og/L --

NITRATE ¥ITROGEN ng/L --

2 ORTHCPHOS PHATE o8/l --

S FATE mg/L --

3 TOTAL CROANIC CARBCH mg/L -
Fg 2, 4-DINITROTOLUENE ag/L -~
2,6-DINITROTOLUENE ag/L --
, ANTIMONY ng/L --
"_:. ARSENIC ag/L --
;" BERYLLIM /L --
4T CACMIUM mg/L --
(1? CHROMI'M og/L --
B COPFER mg/L --
:'T LEAD mg/L --
Ll MERCURY e /L -

] MICXEL mg/L -~
SELENIUM mg /L --
SILICON mg /L --
SILVER mg /L --
aL Below Detection Limit
[ 2% Samples contained an 0:l layer, velues reported are for water layer only
3 Petroleum hydrocarben concantrations estimated at 300 ppm
(23 Petrolewn hydrocarbon concentrations estimsted at 200 ppm
vl Petrolewr hydrocarton concentrations estimated at 0.95 ppm
(2] Petrolewn hydrocarbon concentrations estimated at 1.2 ppm
¢7 Diluted Ot

1-6




PARAMETERS UNIT METHOD BLANK

THALLIUM mg/L --

LINC mg /L -

OIL & GREASE mg /L --

PCB 1016 mg/L BDL .000200

BCB 1221 mg /L BOL .000200

PCB 1232 ~8/L BDL .000200

PCB 1242 g /L BDL .000200

PCB 1248 mg/L BDL .000200

PCB 1254 mg /L BDL .6ooz00

PCB 1260 mg /L BDL .000200

ALDRIN ng/L BDL .000010

CILORDANE mg/L BDL .000200

DIZLDRIN og/L BOL .000010

ENDOSULFAN 1 ag/L .C00260

ENDOSULFAN II g /L BDL .000010

ENDOSULFAN SULFATE og/L BDL .000010

ENDRIN wg/L BDL .000010

ENDRIN ALDEHYDE ma/L BDL .000010

HEPTACHLOR mg /L .006040

HEPTACHLOR EPOXIDE mg /L BDL .000010

METHOXYCHLOR mg/L BDL .00c01c

PPDDD mg /L BDL .000010

PFDDE mg/L BDL .000010

PPDDT mg/L BDL . 000310

TOXAPHENE ng/L BDL .000200

a-BHC ng/L BDL .000010

b-BHC mg /L 80OL .000010

d-BHC m& /L BOL .000010

§-BHC ag/l BLL .000019
%s
vy
R
K
5
{'ﬁj«.
;{ BOL Below Datection Limit
ot 1 Samples rontained en oil layer, values reported are for water layer only
I L& Petroleum hydrocarbon concentrations estimated at 300 ppm
35 P4 Patroleun hydrocarbon concentratinns wstimated at 200 pom
A #3 Petroleum hydrocarbon concentrations sstimated at 0.93 ppm
P L& Petroleum hydrocarbon concentrations esticated st 1.2 ppm
¥ Y Diluted Out
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CENAB-EN-GG 21 August 1989

FINAL REPORT
SOIL GAS SURVEY
FIRING TRAINING AREA
ABERDEEN PROVING GROUND, MARYLAND

1. BACKGROUND: The Waterways Experiment Station Geotechnical Laboratory has
requested the Baltimore District Corps of Engineers to conduct a soil gas
survey and prepare a report of findings for the Fire Training Area at Aberdeen
Proving Ground, Maryland. Field werk was conducted during the period of March
to July 1989 with substantial delays due to above average rainfall in the area.
This report was prepared by James E. Stefano, Geologist, U.S. Army Corps of
Engineers, Geotechnical Engineering Branch, Baltimore District.

2. OBJECTIVE: The purpose of this survey was to verify the distribution and
levels of contamination in the vadose zone. Information gained from this
survey can be used to plan further site assessment activities such as the
placement of groundwater monitoring wells. This report summarizes the
procedures and findings of the soll gas survey.

3. SITE DESCRIPTION: The Fire Training Area has been used for fire fighting
practice for an uaspecified number of years. Contaminated fuels such as
gasoline and jet fuel were used to fuel fires in two burn pits on the site.
The 800-foot by 800-foot study areas was roughly centered on the two burn pits.
The topcgraphy of the site is nearly flat with local surface drainage generally
towards the north. The direction of local groundwater flow is unknown, but
regional groundwater flow is towards the southeast. Depth to groundwater at
the site is estimated at 15 to 20 feet. Soils at the site consist primarily of
interfingered silty sands, silt, and silty clay. See Plate 1 for location of
Fire Training Area.

4, SAMPLING STRATECY: A geometric grid of 9 rows and 9 columns (81 points)
was used to cover the entire 800-foot by 800-foot study area., The geometric
sampling grid was designated by cardinal numbers for the vertical (y-axis) and
by an alphanumeric designation for the horizontal (x-axis), the geometric
sampling grid is shown on Plate 2. Initially, vertical profiling was conducted
at six sample points near the center of the area. Samples were drawn from
depths of 3 feet, 5 feet, 7 feet, and 9 feet at each point. The highest levels
of contamination were measured at a depth of 5 feet; therefore, 5 feet was
selected as the sample depth for the survey. After completion of the 8l-point
grid, additional sample points were added in areas where contaminants had been
identified. A total of 176 points were sampled at the 5-foot depth. See Plate
2 for locations of sample points.

5. SAMPLING EQUIPMENT AND METHODS:

a, Probe Insertion. A gas-powered percussion drill was used to drive 6-foot
sections of 0.75-inch outside diameter tubing into the socil. The probe tubing
was constructed of type 316 stainless steel with an 0.1875-inch wall thickness.
A stainless steel carriage bolt was placed in the tip of the probe prior to
driving. After the tubing was driven, it was pulled back approximately &
inches to allow the carriage bolt to drop out of the tip, exposing the probe to
a small void in the soil.

b. Purging and Sampling: Following insertion of the probe, the remainder of
the sampling train was attached. A removable, stainless steel sampling
manifold was attached to the surface end of the probe. The sampling manifold
has a nipple for attaching a vacuum line on one side and septum port on the

1 J-2




CENAB-EN-GG 21 August 1969

opposite side. A vacuum pump was attached to the sampling manifold and the
system was pumped for 3 to 5 minutes. A valve and vacuum gage within the
sampling system was used to determine if subsurface vapors were adequately
veing obtained. The sample was then collected for analysis through the septum
port in the sampling manifold using a gas-tight syringe.

c. Decontamination of Sampling Equipment: The six stainless steel probes were
steam-cleaned after every use. The entire system, including the sampling
manifold and all fittings, was also disassembled and steam-cleaned after every
six samples. The teflon tubing used to attach the vacuum pump was replaced
periodically or whenever any visible signs of contamination were observed.
Gas-tight syringes were cleaned after every sample with a Hamilton high

temperature/vacuum syringe cleaner.

6. ANALYSIS:

a. Instrumentation: Samples were analyzed on-site using a Photovac 10870 Gas
Chromatograph (GC). The Photovac is a portable, programmable, integrating GC
with a photoionization detector. The CPSIL-5 analytical column that was used
has a 3.4-inch precolumn and a 29-inch anaiytical column.

b. Operating Conditions: "Ultra-Zero® grade air, containing less than 0.1

parts per million (ppm) hydrocarbons was used as the carrier gas. Flows of
carrier gas through the Iinstrument were set at 15 cc per minute by using a
precision gas flow meter. The isothermal oven was set at 40 degrees C.

Recorder gaiu was set at either 10 or 20 as needed to optimize sample analysis.

c. Analytical Method: After warm-up, the instrument was calibrated by using a
vapor standard blend containing seven compounds including benzene, toluene and
o-xylene, The calibration standard contained the three target compounds at a
concentration of 1 ppm +2X. Compound retention time and response data were
stored 1in the integrator and subsequently used to make identifications and to
quantify compounds in the samples. The Instrument was calibrated periodically
each day to ensure that the analytical system remained in calibration as the
azbient temperature changed. A 50 ul sample was injected with a gas-tight
syringe and the GC In manual sample mode.

d. Quality Assurance/Quality Control: Blanks and sampie duplicates were run
periodically to ensure that the analytical system was producing reliable
results, Fifteen blanks consisting of air sampled upwind of the burn pits and
other equipment on the site were analyzed. Duplicate analysis were run at 20
sample points. Good duplication of results was observed on approximately 75%
of the samples. Insufficient purging may have been responsible for the poor
duplication in the other 25X of the duplicate runs,. No problems with
carry-over or lingering contamination on the column were observed.

7. RESULTS OF ANALYSIS.

a. Vapor Concentrations: Benzene concentrations in the soll vapor ranged from
<0.01 ppm to 6.85 ppm. Toluene concentrations in the soil vapor ranged from
<0.01 ppm to 7.55 ppm. O-xylene concentrations in the soil vapor ranged from
<0.3 ppm to 0.85 ppm. Many of the chromatograms that identified the target
compounds had several early eluting peaks (unknowns) which 1s typical of a
gasoline chromatogram (see appendix £ for sample chromatograms). All
Chromatograms are on flle In the Geotechnical Engineering Branch. A plot of
the total number of lonizable compounds passing the detector is shown as Plate
4, The total concentrations of Benzene, Toluene, and O-xylene (BTX) was
plotted and shown as Flate 3. Table 1 in Appendix A shows the results of
analysis at each sample point. Significant concentrations of BTX in the soil
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vapor were Jetected adjacent to the burn pits and between the burn pits and
Bush River Road.

b. Data Gridding/Contouring: CPS/PC version 3.1 software was used for
gridding and contouring the field data into Plates 3 and 4. The "Projections"
algorithm without smoothing and linear interpolation method were utilized to
produce the contours.

8. DATA ASSESSMENT. Higher levels of soil vapor contatinants south of the
burn pits suggest that surface drainage (northward) has not been a key factor
in the migration of contaminants from the burn pits. Factors of a physical
site-related nature such as the presence of confining layers between the
contaminant source and the soll vapor sampling point may have affected the
data. Changes In the amount of soil moisture and ambient temperature over the
duration of the field work may have affected the results. Contaminants appear
to be moving 1in a southeastly direction (with the groundwater) with vapors
diffusing into the overlying soils. In the case of contaminants moving with
the groundwater, the concentration gradient of soil vapors would be expected to
increase with depth. Increasing concentrations with greater depth were not
observed during vertical profiling, indicating that the site geology has the
most significant influence on the movement of contaminants at this site.

James E. Stefano
Geologist
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APPENDIX A

RESULTS OF ANALYSIS
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